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TEST SOCKET, METHOD OF MANUFACTURING THE TEST SOCKET, TEST 
METHOD USING THE TEST SOCKET, AND MEMBER TO BE TESTED 

BACKGROUND OF THE INVENTION 
5 The present invention relates to a test socket for use 

in testing the electrical characteristics of an electronic 
device or a semiconductor package, and more particularly, to 
the structure of a contact for use in establishing electrical 
connection when the contact is brought into contact with an 

10 external connection terminal of an electronic device or a 
semiconductor package. 

As shown in FIG. 19, a known test socket for use in testing 
an electronic device, such as an IC or a bare chip, or a 
semiconductor package, comprises a contact 1 which is formed 

15 by means of punching a member having the property of a spring 
into a predetermined shape, and a housing 11 which fixedly 
retains the contact 1 and is formed from an insulating material . 
In order to test a semiconductor package 14, the semiconductor 
package 14 is placed on a seat 13, and the tip end of the contact 

20 1 is brought into contact with external connection terminals 
14a extending from the semiconductor package 14. A press jig 
12 is pressed against the external connection terminals 14a, 
to thereby establish electrical connection between the 
external connection terminals 14a and the contact 1. A 

25 predetermined test signal is transmitted to and received from 
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electrical circuits provided within the semiconductor package 
14, by way of the contact 1 and the external connection 
terminals 14a, 

FIG. 20 is a plan view showing the contact 1 provided 
in the known test socket shown in FIG. 19. In the drawing, 
reference numeral 1 designates a contact; 2 designates a 
resilient section; 3 designates a tip end which is to be brought 
into contact with external connection terminals of an 
electronic device or a semiconductor package; 4 designates a 
base; and 5 designates a terminal. The terminal 5 to be 
connected to a test circuit board protrudes downwardly from 
the base 4, which is provided for positioning the test socket 
and extends horizontally. The resilient section 2 protrudes 
from the base 4 upwardly while being bent horizontally. The 
tip end 3 is provided at the free end of the resilient section 
2 and is imparted with elasticity with respect to the vertical 
direction. The press jig 12 is pressed against the external 
connection terminals 14a while the external connection 
terminals 14a of an electronic device or the semiconductor 
package 14 are placed on the tip end 3 . As indicated by a dotted 
line shown in FIG. 20, the tip end 3 Is displaced downwardly 
while involving horizontal movement and deflecting the U- 
shaped resilient section 2. By means of the restoration force 
of the deflected resilient section 2, the tip end 3 is brought 
into pressing contact with the external connection terminals 



14a. 

FIG. 21 is a plan view showing the shape of a contact 
described in the Unexamined Japanese Patent Application 
Publication No. Hei 5-104856. In the drawing, reference 
numeral 1 designates a contact; 2a and 2b designate resilient 
sections; 3 designates a tip end; 4 designates a base; 5 
designates a terminal; and 6 designates a support section. In 
the contact 1, the terminal 5 protrudes downwardly from the 
horizontally-extending base 1, and the support section 6 
protrudes upward from the base 4. The base end of a first 
resilient section 2a and the base end of a second resilient 
section 2b are connected to the support section 6 such that 
the first and second resilient sections 2a and 2b extend 
horizontally while being spaced a certain distance apart from 
each other in the vertical direction. The tip end 3 to be 
brought into contact with the external connection terminals 
14a of an electronic device or the semiconductor package 14 
is connected to the free end of the first resilient section 
2a and the free end of the second resilient section 2b. 
Vertical elasticity is imparted to the tip end 3. The contact 
1 can retard horizontal movement of the tip end 3, which would 
otherwise be involved at the time of downward movement of the 
tip end 3, by means of the first resilient section 2a and the 
second resilient section 2b. As a result/ there can be 
prevented disengagement of the external connection terminals 



14a of an electronic device or the semiconductor package 14 
from the tip end 3, or deformation of the external connection 
terminals 14a, which would otherwise be caused when the 
semiconductor package 14 is displaced while the external 
connection terminals 14a are disengaged from the tip end 3. 

FIG. 22 is a plan view showing the shape of a contact 
described in the Unexamined Japanese Patent Application 
Publication No. Hei 4-34380. In the drawing, reference 
numeral 1 designates a contact; 2a and 2b designate resilient 
sections; 3 designates a tip end; and 5 designates a terminal. 
The contact 1 is formed by means of vertically stacking two 
hair-pin-like resilient sections 2a and 2b so as to constitute 
an S-shaped geometry, and attaching the tip end 3 to an upper 
free end of the two resilient sections 2a and 2b. The terminal 
5 is attached to a lower free end of the two resilient sections 
2a and 2b. The two resilient sections 2a and 2b are bent in 
opposite directions, and hence the contact 1 having the 
resilient sections 2a and 2b has the function of retarding 
horizontal movement, which would otherwise be involved by 
vertical movement of the tip end 3. 

The surfaces of the external connection terminals 14a 
of an electronic device or the semiconductor package 14 are 
usually plated, and an oxide film is formed on the surface of 
the external connection terminals 14a. Hence, the external 
connection terminals 14a have high electrical resistance. 
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There is a necessity for establishing good electrical contact 
between the external connection terminals 14a and the tip end 
3 of the contact 1 by means of removing the oxide film and 
increasing the area of contact between the external connection 
5 terminals 14a and the tip end 3. FIG. 23 is a perspective view 
showing the shape of a contact 1 which is to realize good 
electrical contact and is described in the Unexamined Japanese 
Patent Application Publication No. Sho 58-11010545. In the 
drawing, reference numeral 1 designates a contact; 2 
10 designates a resilient section; 3 designates a tip end; 3a 
designates a protuberance; and 5 designates a terminal. In 
the contact 1 having such a structure, a plurality of 
protuberances 3a are formed in the tip end 3 with which the 
external connection terminals 14a are to be brought into 
15 contact. Even in a case where an oxide film is formed on the 
surface of the external connection terminals 14a, the contact 
1 has the function of breaking the oxide film, to thereby ensure 
electrical contact with the external connection terminals 14a. 

In the known contact shown in FIG. 20, external 
20 connection terminals are moved horizontally by several 
hundreds of micrometers when contact "pressure is applied to 
the external connection terminals, as a result of which the 
external connection terminals are disengaged from the tip end. 
Use of either one of the contacts shown in FIGS. 21 and 22 
25 prevents disengagement of the external connection terminals 
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from the contact, which would otherwise be caused by horizontal 
movement of the external connection terminals. Such a known 
contact involves external connection terminals being moved 
about 50 jam horizontally and fails to eliminate relative 
sliding movement, which would arise between the tip end 3 of 
the contact and the external connection terminals 14a. The 
external connection terminal 14a is formed from a 42-alloy, 
and solder plating having a thickness of about 10 \xm is formed 
on the surface of the external connection terminal 14a* Since 
the surface of the solder plating is naturally oxidized, the 
surface of the external connection terminal 14a is coated with 
an oxide. In a case where relative sliding movement arises 
between the external connection terminals 14a and the tip end 
3, the tip end 3 scrapes a solder or solder oxide which covers 
the external connection terminals 14a. The resultant 
agglomerate adheres to and are accumulated on the surface of 
the tip end 3 . Particularly in a case where the accumulated 
agglomerate corresponds to insulating oxides, electrical 
connection is hindered. As a result, the semiconductor 
package may be erroneously determined to be defective even 
though the semiconductor package Is non-defective. In 
contrast, in a case where the accumulated agglomerate is 
conductive oxides such as solder, high contact resistance 
arises between the external connection terminals and the tip 
end 3, and the semiconductor package may be erroneously 
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determined to be defective. In either case, an electronic 
device or semiconductor package, which has been determined to 
be defective, is uneconomically discarded. In order to 
prevent occurrence of uneconomical discarding of a non- 
defective electronic device or semiconductor package, a test 
socket must be replaced with a new one after a short period 
of use. This accounts for the shortening of the life of a test 
socket for testing an electronic device or a semiconductor 
package . 

In the case of use of a contact having protuberances 
provided on its tip end shown in FIG. 23, good electrical 
contact can be achieved during an early period. Bringing 
external connection terminals in contact with the tip end of 
the contact involves horizontal movement of the external 
connection terminals. Further, the surface of the external 
connection terminals is scraped by the sharp protuberances, 
which inevitably involves formation of a large amount of 
agglomerate. As in the case of the previously-described 
background art, the life of the test socket is shortened. 

Either of the previously-described contacts involves 
horizontal movement of external connection terminals, which 
in turn results in formation and deposition of agglomerate. 
The resultant agglomerate is scraped from the external 
connection terminals as a result of repeated used of the contact , 
In a case where agglomerate is conductive and adheres to 
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external connection terminals so as to extend across the 
contacts, electrical shortcircuit may arise. Further, the 
agglomerate that adheres to the external connection terminals 
causes soldering failures when a semiconductor package is 
mounted. In association with an increase in the size of an 
electronic device or semiconductor package and the number of 
terminals, a pitch between external connection terminals is 
made narrower, and hence agglomerate imposes a serious 
problem. 

Besides, generally, an electric device or a 
semiconductor package 14 are protected by resin molding. 
After molding, unnecessary resin is cut off. During cutting 
off, resin trash sometimes attaches to external terminal 14a. 
The trash avoids electric connection between a contact 
terminal and the external terminal. Due to this, a good 
electric device or a good semiconductor packaging are 
deteriorated. 

SUMMARY OF THE INVENTION 
In order to solve the problems, the object of the present 
invention is to provide a test socket for use in testing an 
electronic device or semiconductor package, the test socket 
being able to stably and continuously establish good 
electrical contact between the contact and the external 
connection terminals. Particularly, the present invention is 
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aimed at providing a contact which prevents formation of 
agglomerate, which would otherwise be caused when a contact 
comes into sliding contact with external connection terminals, 
and ensures electrical connection between the contact and the 
5 external connection terminals. 

Accordingly, the present invention provides a test 
socket which includes a contact to be electrically connected 
to an external connection terminal of a member to be tested 
and is to be used for testing the electrical characteristic 
10 of the member, wherein 
the contact has 

a tip end to be brought into contact with the external 
connection terminal; and 

resiliently-def ormable bulging sections which extend 
15 horizontally with respect to the tip end. 

Preferably, the resiliently-def ormable bulging 
sections are two members which are disposed opposite to each 
other and extend in opposite horizontal directions with 
respect to the tip end. 
20 Preferably, the resiliently-def ormable bulging 

sections are two members which are disposed opposite to each 
other with respect to the tip end, and the rigidity of one member 
differs from that of the other member. 

Preferably, a portion of the tip end to be brought into 
25 contact with the external connection terminal of the member 
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to be tested is formed into a roundly-pointed shape or a 



substantially hemi-spherical shape. 



Preferably, a portion of the tip end to be brought into 



contact with the external connection terminal of the member 



5 is formed so as to assume a smooth corrugated geometry. 



Preferably, a plurality of protuberances formed from 



smooth surfaces and a plurality of recesses which are adjacent 



to the protuberances and are formed from smooth surfaces are 
.jS formed in the tip end to be brought into contact with the 



10 external connection terminal of the member. 



Preferably, an agglomerate-resistant member is provided 



on a plurality of protuberances formed from smooth surfaces 



and on a plurality of recesses which are adjacent to the 



protuberances and are formed from smooth surfaces. 



15 Preferably, the agglomerate-resistant member is formed 



from the material selected from the group comprising : chromium, 



tungsten, titanium nitride, diamond-like carbon, and diamond. 



The present invention also provides a method of 



manufacturing the test socket defined previously, the method 



20 comprising the steps of: 



punching material so as to define the profile of a contact 



of a test socket belonging to an electronic device or 



semiconductor package; 



forming, in a tip end to be brought into contact with 



25 an external connection terminal of a member to be tested of 
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the punched component, a plurality of protuberances and a 
plurality of recesses from smoothly-curved surfaces such that 
the recesses are located adjacent to the protuberances; and 
forming a film on the punched component having the 
irregularities formed therein. 

The present invention further provides a test method 
involving use of the test socket as defined in any one of claims 
1 through 8, comprising the steps of: 

bringing an external connection terminal of a member to 
be tested into contact with a tip end of the contact of the 
test sockets- 
sending, to the member, an electric signal transmitted 
from a terminal connected to a circuit board; and 

testing the operation of the member through use of the 
electric signal returned from the test member. 

The present invention also provides a member tested by 
the test method which involves use of the test socket described 
above. The operation of the member is tested without 
involvement of flaws being formed in the external connection 
terminal of the member, or only involving formation of minute 

slide flaws having a length of about 10 jam. 

In order to solve the problems, the object of the present 
invention is to provide a test socket for use in testing an 
electronic device or semiconductor package, the test socket 
being able to stably and continuously establish good 
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electrical contact between the contact and the external 
connection terminals. Particularly, the present invention is 
aimed at providing a contact which prevents formation of 
agglomerate, which would otherwise be caused when a contact 
comes into sliding contact with external connection terminals/ 
and ensures electrical connection between the contact and the 
external connection terminals. 

A test socket which includes a contact to be electrically 
connected to an external connection terminal of a member to 
be tested and is to be used for testing the electrical 
characteristic of the member, wherein 

the contact has 

a plurality of tip ends to be brought into contact with 
the external connection terminal; 

resilient sections connected to the respective tip ends; 

and 

a support section to which the resilient sections are 
connected or to which one resilient section is connected by 
way of the other resilient section. 

Preferably, the resilient sections connected to the tip 
ends are two members which are disposed opposite to each other 
and bent so as to extend horizontally in opposite horizontal 
directions with respect to the tip ends. 

Preferably, a clearance is defined between the plurality 
of tip ends. 
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Preferably, a vector is defined by means of 
interconnecting a resilient section connected to a tip end, 
the center of a connection section at which a support section 
supports the resilient section, and the center of the tip end 
5 to be brought into contact with an external connection terminal 
of a member to be tested, and the vector substantially matches 
the direction in which the tip end is brought into contact with 
the external connection terminal. 

Preferably, a portion of at least one of the tip ends 
10 to be brought into contact with the external connection 
terminal of the member to be tested is formed into a 
roundly-pointed shape or a substantially hemi-spherical 
shape . 

Preferably, a portion of at least one of the tip ends 
15 to be brought into contact with the external connection 
terminal of the member is formed so as to assume a smooth 
corrugated geometry. 

Preferably, a plurality of protuberances and recesses 
are formed from smooth surfaces in at least one of the tip ends 
20 to be brought into contact with the external connection 
terminal of the member such that the protuberances and recesses 
are adjacent to each other are formed. 

Preferably, an agglomerate-resistant member is provided 
on the plurality of protuberances formed from smooth surfaces 
25 and on the plurality of recesses which are adjacent to the 
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protuberances and are formed from smooth surfaces. 

Preferably, the agglomerate-resistant member is formed 
from the material selected from the group of: chromium, 
tungsten, titanium nitride, titanium carbide-nitride, 
diamond-like carbon, and diamond. 

The present invention also provides a method of 
manufacturing the test socket described above, the method 
comprising the steps of: 

punching a member having the property of a spring into 
a component so as to define the profile of a contact of a test 
socket belonging to an electronic device or semiconductor 
package; 

splitting a tip end of the contact into a plurality of 
pieces; and 

plating the thus-punched component. 

The present invention also provides a method of 
manufacturing the test socket described above, comprising the 
steps of: 

punching a member having the property of a spring into 
a component, so as to define the profile of a contact of a test 
socket belonging to an electronic device or semiconductor 
package; 

splitting a tip end of the contact into a plurality of 
pieces ; 

forming a plurality of protuberances and recesses from 
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smooth surfaces in the surfaces of the tip end such that the 
protuberances and recesses are adjacent to each other; 
plating the thus-roughened component. 

The present invention provides a test method involving 
use of the test socket described above, comprising the steps 
of: 

bringing an external connection terminal of a member to 
be tested into contact with a tip end of the contact of the 
test socket; 

sending, to the member, an electric signal transmitted 
from a terminal connected to a circuit board; and 

testing the operation of the member through use of the 
electric signal returned from the test member. 

According to the present invention, the operation of a 
member is tested by means of bringing the tip end of the contact 
of the test socket described above into contact with the member, 
such that no flaws are formed in an external connection terminal 
of the member or only minute slide flaws having a length of 

about 10 |im are formed. 

RRIFF DESCRIPTION OF THF DRAWINGS 

FIG. 1 is a perspective view showing the structure of 
a contact of a test socket according to a 1st embodiment of 
the present invention; 

FIG. 2 is a front view showing the operation of the 
contact of the test socket according to the 1st embodiment; 
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FIG. 3 is a front view showing a contact of a test socket 
according to a 2nd embodiment of the present invention; 

FIG. 4 is a front view showing a contact of a test socket 
according to a 3rd embodiment of the present invention; 

FIG. 5 is a front view showing a contact of another test 
socket for testing an electronic device or semiconductor 
package according to the 3rd embodiment of the present 
invention; 

FIG. 6 is a front view showing a contact of still another 
test socket according to the 3rd embodiment of the present 
invention; 

FIG. 7 is a front view showing a contact of yet another 
test socket according to the 3rd embodiment of the present 
invention; 

FIG. 8 is a perspective view showing the structure of 
a contact of a test socket according to a 4th and a 17th 
embodiments of the present invention; 

FIG. 9 is a graph representing the relationship between 
contact resistance and the curvature radius of the tip end 
obtained when the contact of a test socket according to the 
4th and the 17th embodiments is used; 

FIG. 10 is a perspective view showing a contact of another 
test socket according to the 4th and the 17th embodiments of 
the present invention; 

FIG. 11 is a perspective view showing the structure of 
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a contact of a test socket according to a 5th and an 18th 
embodiments of the present invention; 

FIG. 12 is a perspective view showing the structure of 
a contact of a test socket according to a 6th and a 19th 
embodiments of the present invention; 

FIG. 13 is an enlarged cross-sectional view 
schematically showing a tip end of a contact when the tip end 
of the test socket according to the 6th and the 19th embodiments 
is in contact with an external connection terminal; 

FIGS. 14A and 14B are plan view showing agglomerate 
deposited on the tip end of the test socket according to the 
6th and the 19th embodiments , in comparison with the 
agglomerate deposited on a tip end of a contact belonging to 
a known test socket; 

FIG. 15 is a cross-sectional view showing irregularities 
formed in a tip end of a contact belonging to a test socket 
according to a 7th and a 20th embodiments of the present 
invention; 

FIG. 16 is a cross-sectional view showing irregularities 
formed in a tip end of a contact belonging to a test socket 
according to an 8th and a 21st embodiment of the present 
invention; 

FIG . 17 is a flowchart showing specific example steps 
of a method of manufacturing a test socket according to a 9th 
embodiment of the present invention; 
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FIG. 18 is a table showing a fraction defective of 
semiconductor packages which are tested through use of the 
three types of contacts employed in a 10th embodiment of the 
present invention; 

FIG. 19 is a cross-sectional view showing a known test 
socket; 

FIG. 20 is a cross-sectional view showing another known 
test socket; 

FIG. 21 is a cross-sectional view showing yet another 
known test socket; 

FIG. 22 is a cross-sectional view showing still another 
known test socket; 

FIG. 23 is a cross-sectional view showing another known 
test socket; 

FIG. 24 is a front view showing a contact of a test socket 
according to the 12th embodiment of the present invention; 

FIG. 25 is a front view showing a contact of another test 
socket according to the 12th embodiment; 

FIGS. 2 6A and 2 6B are front view showing a contact of 
a test socket according to a 13th embodiment of the present 
invention; 

FIG. 27 is a front view showing a contact of a test socket 
according to a 14th embodiment of the present invention; 

FIG. 28 is a front view showing a contact of a test socket 
according to a 15th embodiment of the present invention; 
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FIG. 29 is a front view showing a contact of a test socket 
according to a 16th embodiment of the present invention; 

FIG. 30 is a flowchart showing specific example steps 
of a method of manufacturing a test socket according to a 22nd 
5 embodiment of the present invention; 

FIG. 31 is a table showing a fraction defective of 
semiconductor packages which are tested through use of the 
three types of contacts employed in a 23rd embodiment of the 
present invention; and 

10 FIG. 32 is a table showing fraction defectives of 

semiconductor packages determined by a test through use of test 
contacts according to a 24th embodiment, in comparison with 
fraction defectives of semiconductor packages determined by 
a test through use of a known test socket. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(1st Embodiment) 

Preferred embodiments of the present invention will be 
described hereinbelow by reference to the accompanying 
drawings. FIG. 1 is a perspective view showing the structure 

20 of a contact of a test socket for testing an electronic device 
or a semiconductor package according to a 1st embodiment of 
the present invention. FIG. 2 is a front view showing the 
operation of the contact shown in FIG. 1. In the drawings, 
reference numeral 1 designates a contact; 2 designates a 

25 resilient section; 3 designates a tip end; 4 designates a base; 
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5 designates a terminal to be connected with a test circuit 
board; 6 designates a support; 14 designates a semiconductor 
package; and 14a designates an external connection terminal. 

The contact 1 of the test socket has the tip end 3 to 
be brought into contact with the external connection terminal 
14a of the semiconductor package 14, the external connection 
terminal 14a being a free end, and the resilient section 2 
connected to the tip end 3. The resilient section 2 is formed 
from two pieces of resilient material (hereinafter referred 
to as "two resilient pieces 2") , and the two resilient pieces 
2 extend from respective sides of the tip end 3. The two 
resilient pieces 2 are connected to a single support 6, and 
the base 4 to be used for positioning a socket extends 
horizontally from the support 6. The terminal 5 to be 
connected to a test board is connected to a lower portion of 
the support 6. The external connection terminal 14a of the 
semiconductor package 14 is placed on the tip end 3, and an 
unillustrated press jig is pressed against the external 
connection terminal 14a. The force exerted downward on the 
tip end 3 is equally distributed between two curved portions 
of the resilient section 2, which curves are provided opposite 
to each other with respect to the center of the tip end 3. The 
two curved portions are deflected downwardly, and the force 
which is exerted on the tip end 3 in reaction to the downward 
deflection of the two curved portions brings the tip end 3 into 
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pressing contact with the external connection terminal 14a. 
At this time, the two resilient curved portions are deflected 
to the same extent, and hence horizontal movement of the 
resilient section 2 is not involved. Consequently, there can 
be prevented scraping of a member constituting the external 
connection terminal 14a or formation of oxides on the external 
connection terminal 14a, which would otherwise be caused when 
relative sliding movement arises between the tip end 3 and the 
external connection terminal 14a. Accordingly, there can be 
prevented generation and accumulation of agglomerate on the 
surface of the tip end 3. 
(2nd Embodiment) 

FIG. 3 is a front view showing the structure of a contact 
of a test socket for testing an electronic device or 
semiconductor package according to a 2nd embodiment of the 
present invention. In the drawing, reference numeral 1 
designates a contact; 2 designates a resilient section; 3 
designates a tip end; 4 designates a base; 5 designates a 
terminal to be connected with a test circuit board; and 6 
designates a support. 

The contact 1 having the foregoing structure comprises 
the tip end 3 to be brought into contact with an external 
connection terminal of a semiconductor package, the terminal 
being a free end; and the resilient section 2 connected to the 
tip end 3. The resilient section 2 is formed into the shape 
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of a rhombus, and two sharp-angular portions of the rhomboid 
resilient section 2 extend horizontally with respect to the 
tip end 3. The two angular portions of the resilient section 
2 are connected to the single support 6 . The base 4 is connected 
to the support 6 so as to extend horizontally and position a 
socket. Further, the terminal 5 to be connected to a test board 
is connected to a downward portion of the support 6. The 
external connection terminal 14a of the semiconductor package 
14 is placed on the tip end 3, and an unillustrated jig is 
pressed against the external connection terminal 14a. As in 
the case of the 1st embodiment, there can be prevented formation 
and deposition of agglomerate on the surface of the tip end 
3. 

(3rd Embodiment) 

FIGS . 4 through 7 are front views showing the 
configuration of a contact of a test socket for testing an 
electronic device or semiconductor package according to a 3rd 
embodiment of the present invention. In the drawings, 
reference numeral 1 designates a contact terminal; 2c, 2d, and 
2f designate resilient sections; 3 designates a tip end to be 
brought into contact with an external' connection terminal of 
a semiconductor package; 4 designates a base; and 6 designates 
a support. 

In the present embodiment, as shown in FIG. 4, the height 
H of the resilient section is set to a value of 5 to 10 mm or 
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thereabouts. The first resilient section 2c having a width 
Wc of about 0 . 5 mm and the second resilient section 2d having 
a width Wd of about 1 mm are arranged opposite to each other 
with respect to the tip end 3. A force of about 50g is exerted 
on the contact 1 from the above by means of an unillustrated 
press jig. As a result, the tip end 3 to be brought into contact 
with an external connection terminal of a semiconductor 
package is moved horizontally about 10 to 20 \im toward the first 
resilient section 2c. In the contact 1 having such a structure/ 
the trace amount of horizontal displacement can be applied to 
the tip end 3. The tip end 3 can be unfailingly brought into 
contact with the external connection terminal while formation 
of agglomerate is minimized. Further, the distance over which 
the tip end 3 is slid can be changed by means of changing the 
width of each of the resilient sections 2C and 2D, thus 
imparting appropriate horizontal displacement to the tip end 
3. 

Although the present embodiment has described an example 
in which two resilient sections have different widths, the 
advantageous result yielded by the present embodiment can be 
yielded even when the two resilient portions have identical 
widths Wc and Wd or either of the two resilient portions has 
a smaller width We, as shown in FIG. 5. 

The primary object of the 3rd embodiment is to change 
the flexural rigidity of each of the resilient sections 2c and 
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2d. The advantageous result yielded by the present embodiment 
can be achieved even in a case where the resilient sections 
2c and 2d are changed in length, as shown in FIG. 6, where a 
third resilient section 2f is added to the two resilient 
sections 2c and 2d, as shown in FIG. 7, or where the material 
of the resilient section is partially changed, in addition to 
the case where the resilient sections 2c and 2d are changed 
into the example resilient section shown in FIG. 4 or 5. 
(4th Embodiment) 

FIG. 8 is a perspective view showing a portion of the 
tip end belonging to a contact of a test socket according to 
a 4th embodiment of the present invention. The tip end 3 is 
formed into a roundly-pointed head having a certain thickness . 
Contacts according to the present embodiment are formed from 
beryllium having a thickness of 0.2 mm by means of pressing, 
and the roundly-pointed heads of the contacts are of different 
radii of curvature . Test sockets are manufactured through use 
of these contacts, and a force of about 50 g is exerted on the 
tip end of the contact of respective test socket from above, 
through use of a press jig, thereby examining the relationship 
between contact resistance and the curvature radius of the tip 
end. FIG. 9 shows test results. The graph shown in FIG. 9 
represents the relationship between contact resistance and the 
curvature radius of the tip end obtained when the contacts of 
test sockets according to the present embodiment are used. It 
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can be ascertained that contact resistance can be suppressed 
when the tip end 3 is provided with the roundly-pointed portion 
16 having a curvature radius of about 0.3 mm or less. 

Although the present embodiment has described the 
relationship between contact resistance and the curvature 
radius of the tip end obtained in the case of use of the test 
socket whose the tip end 3 has the roundly-pointed portion 16, 
the same relationship can be achieved even in a case where the 
tip end 3 is formed into a substantially-hemi-spherical 
portion 17. Further, the same relationship is achieved even 
in a case where the tip ends 3 of the contacts 1 of the test 
sockets described in the 2nd and 3rd embodiments are formed 
into a substantially-hemi-spherical shape or a roundly- 
pointed shape. 

(5th Embodiment) 

FIG * 11 is a perspective view showing the structure of 
a tip end of a contact of a test socket according to a 5th 
embodiment of the present invention. Reference numeral 3 
designates a tip end; and 18 designates a corrugated portion 
formed in a portion of the tip end 13. In a case where the 
curvature radius of each of the corrugations 18 is set to 0 . 3 
mm or less, there is yielded the advantageous result yielded 
in the 4th embodiment is yielded. 

(6th Embodiment) 

FIG. 12 is a perspective view showing the structure of 
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a tip end of a contact belonging to a test socket according 
to a 6th embodiment of the present invention. FIG. 13 is an 
enlarged cross-sectional view showing a tip end of a contact 
when the tip end is in contact with an external connection 
terminal. FIG. 14 is a plan view showing agglomerate deposited 
on the tip end in comparison with the agglomerate deposited 
on a tip end of a contact belonging to a known test socket. 
In the drawings/ reference numeral 3 designates a tip end; 7 
designates irregularities formed on the tip end 3; 7a shown 
in FIG. 12 designates a plurality of protuberances formed from 
smoothly-curved surfaces; 7b designates a plurality of 
smoothly-curved recesses formed adjacent to the 
protuberances; 14a designates an external connection 
terminal; 14b designates a solder film, such as solder, formed 
so as to cover the external connection terminal 14a; and 8 
designates agglomerate . 

In the contact 1 according to the 4th embodiment, if, 
as shown in FIG. 12, the irregularities 7 are formed on the 
surface of the tip end 3, the protuberances 7a are engaged in 
the surface of the solder film 14b on the external connection 
terminal 14a, thereby breaking an oxide film which is present 
on the surface of the solder film 14b and increasing a contact 
area between the protuberance 7a and the solder film 14b. 
Since a plurality of protuberances 7a are present on the tip 
end 3, there can be ensured a sufficient contact area between 
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the protuberances 7a and the solder film 14b without 
involvement of relative sliding motion, which results from 
horizontal movement of the contact 1. Accordingly, an 
electrical signal can be transmitted/received by way of the 
contact 1. In other words, good electrical contact can be 
ensured for a long period of time while there is minimized 
formation of agglomerate, which would otherwise be caused by 
means of the protuberances 7a scraping the solder film 14b on 
the external connection terminal 14a. 

In the present embodiment, formation of agglomerate, 
which would otherwise be caused by sliding action of the known 
contact, is minimized. However, when the protuberances 7a 
formed on the tip end 3 of the contact 1 are engaged with the 
solder film 14b, the agglomerate 8 — which is an aggregation 
of solder or oxide scraped from the solder film 14b — is 
displaced into the recesses 7b. In the present embodiment, 
the agglomerate 8 is locally deposited in a trace amount. 
Deposition of the agglomerate 8 is described in comparison with 
the agglomerate 8 which is deposited on the known contact, by 
reference to FIGS . 14A and 14B. As shown in FIG. 14B, the 
agglomerate 8 is deposited substantially over the entire tip 
end 3 which is to be brought into contact with an external 
connection terminal. The contact would fail to establish good 
electrical contact with an external connection terminal before 
long. In contrast, in the contact 1 according to the present 



27 



t t 



embodiment , the agglomerate 8 is accumulated in the recesses 
7b. As shown in FIG. 14A, the agglomerate 8 is scarcely present 
in the contact area where the contact 1 is in contact with the 
external connection terminal 14a. Even in a case where the 
5 agglomerate 8 is deposited on the tip end 3 through tests, the 
plurality of protuberances 7a can ensure electrical contact. 
Further, since relative sliding action, which would otherwise 
arise between the contact 1 and the external connection 
rS terminal 14a, is minimized, and hence agglomerate 8 is 

I%1 10 deposited in small amount. Thus, stable electrical contact 

m can be established between the external connection terminal 

^™ 

Sj 14a and the contact 1 for a long period of time. 

C3 The geometry of the irregularities 7 formed on the 

fU surface of the tip end 3 according to the present embodiment 

D 15 will now be described. In order to ensure a contact area most 

efficiently, the curvature radius R of the top of the 
protuberance 7a is preferably set so as to assume substantially 
the same value as the thickness of the outermost layer of the 
external connection terminal 14a; that is, the thickness of 
20 the solder film 14b. A cavity formed by combination of the 
protuberances 7a and the recesses 7b is filled with the 
agglomerate 8 soon, if the cavity has a shallow depth D. For 
this reason, the depth D of the cavity is preferably set so 
as to assume a thickness which is greater than the thickness 
25 of the outermost layer on the external connection terminal. 
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In fact, the curvature radius R of the top of the protuberance 
7a is preferably set so as to assume a value of about 10 \xnx f 
and the depth D of the cavity formed by combination of the 
protuberances 7a and the recesses 7b is preferably set so as 
to assume a value of about 20 |im. If the irregularities are 
formed from smoothly-curved surfaces of, for example, 0.2 jumRy 
or thereabouts, the agglomerate 8 preferably hecomes more 
slippery, to thereby prevent deposition of the agglomerate 8. 

FIG. 12 shows an example in which the irregularities 7 
are formed in the surface of the tip end 3 having a 
roundly-pointed head. The same advantageous result can be 
yielded even when irregularities are formed in the surface of 
the hemi-spherical head of the tip end 3 shown in FIG. 10 or 
when irregularities are formed in the surface of the tip end 
3 whose head is formed from smooth corrugations, as shown in 
FIG. 11. 

(7th Embodiment) 

FIG. 15 is a cross-sectional view showing irregularities 
formed in a tip end of a contact belonging to a test socket 
according to a 7th embodiment of the present invention. In 
the drawing, reference numeral 7a designates protuberances of 
the irregularities 7; 7b designates recesses; and 9 designates 
a conductive solder-resistant agglomerate member formed on the 
surface of the protuberances 7a. 

In the contact (the entirety thereof is not shown) having 
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the foregoing structure, the solder-resistant conductive 
agglomerate member 9 having a thickness of about 1 piu is formed 
on the protuberances 7a of the irregularities 7 formed on the 
tip end 3, The agglomerate 8, such as solder chippings, can 
be prevented from coagulating. Any substance may be employed 
as the solder-resistant conductive agglomerate member 9, so 
long as the substance has low chemical affinity for solder. 
For example, chromium, tungsten, titanium nitride, and 
diamond-like carbon containing graphite components in high 
proportion are particularly preferable. The surface of the 
irregularities 7 of the tip end 3 can be coated with chromium, 
by means of the plating technique or the vapor-phase 
composition technique . 

The present embodiment has described an example in which 
the solder-resistant conductive agglomerate member 9 is formed 
on the irregularities 7 on the tip end 3. Adhesion of solder 
to the tip end 3 of the contact 1 can be prevented by means 
of forming the solder-resistant conductive agglomerate member 
9 on the surface of the tip end 3 which is shown in FIG. 8 and 
has a roundly-pointed head, the tip end 3 which is shown in 
FIG . 10 and has a substantially hemi-spherical head 17, or the 
tip end 3 which is shown in FIG. 11 and has a smoothly-corrugated 
cross section (corrugations 18). 
(8th Embodiment) 

FIG. 16 is a cross-sectional view showing irregularities 
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formed on a tip end of a contact belonging to a test socket 
for testing an electronic device or a semiconductor package 
according to an 8th embodiment of the present invention. In 
the drawing, reference numeral 7a designates protuberances of 
the irregularities 7; 7b designates recesses; and 10 
designates a solder-resistant non-conductive agglomerate 
member which is formed on the surface of the protuberances 7a. 

In the contact 1 having such a structure (the entirety 
of the contact 1 is not shown) , the solder-resistant non- 
conductive agglomerate member 10 having a thickness of, for 
example, about 1 (am is formed on the protuberances 7a of the 
irregularities 7 formed on the tip end 3, thereby preventing 
agglomeration of solder chippings into the agglomerate 8 . Any 
substance may be employed as the solder-resistant non- 
conductive agglomerate member 10, so long as the substance has 
low chemical affinity for solder. For example, diamond or 
diamond-like carbon containing graphic components in low 
proportion is particularly preferable . The solder-resistant 
non-conductive agglomerate member 10 can be formed on the 
surface of the irregularities 7 formed on the tip end 3 by means 
of the vapor-phase composition technique. In order to ensure 
establishment of electrical contact between the tip end 3 and 
the external connection terminal 14a or a coating film formed 
on the external connection terminal 14a, the contact is 
subjected to oxygen plasma etching after a coating film has 



been formed on the tip end 3, to thereby remove a non-conductive 
film from an electrical connection section. Further , a 
portion of the surface of the irregularities 7 of the tip end 
3, which portion is to act as an electrical connection section, 
may be covered with a resist film at the time of formation of 
the solder-resistant non-conductive agglomerate member 10. 

The present embodiment has described an example in which 
the solder-resistant nonconductive agglomerate member 10 is 
formed on the irregularities 7 on the tip end 3. Adhesion of 
solder to the tip end 3 of the coijtact 1 can be prevented by 
means of forming the solder-resistant nonconductive 
agglomerate member 10 on the surface of the tip end 3 which 
is shown in FIG . 8 and has a roundly-pointed head, the tip end 
3 which is shown in FIG. 10 and has a substantially hemi- 
spherical head 17, or the tip end 3 which is shown in FIG. 11 
and has a smoothly-corrugated cross section (corrugations 18) , 
while only an electrical connection section remains uncovered 
with the solder-resistant nonconductive agglomerate member 
10. 

(9th Embodiment) 

The process of producing the contact 1 in which the 
irregularities 7 are formed in the tip end 3 according to the 
6th embodiment, comprises a first step of punching material 
having the property of a spring by means of pressing, to thereby 
define the profile of a contact; a second step of forming 
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irregularities in the portion of the thus-punched member, 
which portion is to come into contact with an external 
connection terminal; and a third step of coating the thus- 
punched member having the irregularities formed thereon. 

FIG. 17 is a flowchart showing specific example steps 
of a method of manufacturing a test socket for use in testing 
an electronic device or semiconductor package according to a 
9th embodiment of the present invention. For example, a 
plate-like material having the property of a spring and a 
thickness of several hundreds of micrometers, such as 
beryllium copper or phosphor bronze, is pressed, to thereby 
define the profile of the contact terminal 1. The tip end 3 
of the contact 1 is made rough by means of any one of the electric 
discharge machining technique, the sand blasting technique, 
the liquid honing technique, and the etching technique. 
Protuberances formed in the thus-roughened surface of the tip 
end 3 are subj ected to electrolytic nickel plating, and a solder 
film is grown until desired irregularities are formed. The 
thickness of the solder film is preferably determined by means 
of the degree of a roughening operation. The thickness of the 

solder film preferably assumes a value of 5 to 20 p or 
thereabouts. Further, the thus-punched member which has been 
plated is subjected to gold plating to a thickness of about 
1 jam, to thereby prevent oxidation of the contact. Through 
the foregoing steps, there can be readily manufactured the 
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contact 1 comprising: 

the tip end 3 to be brought into contact with an external 
connection terminal of an electronic device or a semiconductor 
package; 

the plurality of resilient sections 2 which are joined 
together and bent so as to extend horizontally with respect 
to the tip end; 

the support section 6 joined to the plurality of 
resilient sections ; 

the base 4 which is connected to the support section 6 
and positions a test socket; 

the terminal section 5 which is connected to the base 
4 and is to be connected to a test circuit board; 

the plurality of protuberances 7a which are formed in 
the tip end 3 from smoothly-curved surfaces; and 

the plurality of recesses 7b which are adjacent to the 
protuberances 7a and formed from smoothly-curved surfaces. 

In the present embodiment the tip end 3 of the contact 
1 is made rough by means of electric discharge machining, and 
protuberances which are present in the thus-roughened area are 
plated with nickel . Through the steps according to the present 
embodiment/ a plate-like material having the property of a 
spring and a thickness of several hundreds of micrometers, such 
as beryllium copper or phosphor bronze, is pressed, to thereby 
define the profile of the contact terminal 1. The tip end 3 
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is plated with cobalt, thereby producing a granular member 

having a diameter of about 20 jam. Thus, desired irregularities 
can be formed in the tip end 3 without involvement of an electric 
discharge machining operation as preliminary treatment. 

The present embodiment has described an example 
manufacturing method of forming substantially-spherical 
irregularities 7 on the tip end 3. In order to transform the 
irregularities 7 formed on the tip end 3 according to the 6th 
embodiment into the corrugations 18 having smoothly-curved 
cross sections, the irregularities 7 are formed through 
electric discharge machining or coining. 

The present embodiment has not described a manufacturing 
method of forming material having an agglomeration-resistant 
property over the irregularities 7 formed on the tip end 3 
described in connection with the 7th embodiment. According 
to the manufacturing method by which the solder-resistant 
conductive agglomerate member 9 is formed on the 
irregularities on the tip end 3, the solder-resistant 
conductive agglomerate member 9 is formed by means of plating 
or the vapor-phase composition technique, such as the PVD or 
CVD technique, in a step subsequent to the step in which the 
tip end 3 has been plated with nickel . Further, in a subsequent 
step, the tip end 3 is plated with gold for preventing oxidation 
f the contact 1. In order to prevent the solder-resistant 
conductive agglomerate member 9 from being coated with gold, 
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a resist film is provided on the tip end 3. 

According to the manufacturing method under which the 
solder-resistant nonconductive agglomerate member 10 
according to the 8th embodiment is provided on the 
irregularities 7 on the tip end 3, the solder-resistant 
nonconductive agglomerate member 10 is formed by means of the 
vapor-phase composition technique, such as PVD or CVD, in a 
step subsequent to the step of plating the tip end 3 with 
electrolytic nickel. The tip end 3 is subjected to oxygen 
plasma etching in a subsequent step. In order to ensure 
electrical connection, the solder-resistant nonconductive 
agglomerate member 10 is removed from the tip end of the 
irregularities 7 . In a subsequent step, the tip end 3 is plated 
with gold. In order to prevent the solder-resistant 
nonconductive agglomerate member 10 from being plated with 
gold, a resist film is provided on the tip end 3. 
(10th Embodiment) 

There is made comparison among the contact A of the test 
socket according to the 5th embodiment which is shown in FIG. 
12 and in which the irregularities 7 are formed in the tip end 
3, the contact B according to the 3rd embodiment, and the known 
contact C shown in FIG* 20. FIG. 18 is a table showing a 
fraction defective of semiconductor packages which are tested 
through use of the three types of contacts; A, B, and C. A 
lot is divided into three groups for the respective contacts 
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A, B, and C, each group comprising about 3000 electronic devices 
or semiconductor packages 14. A certain IC included in 
respective electronic device or semiconductor package 14 is 
tested through use of the contacts A, B, and C. The fraction 
5 defective detected by the contact A is reduced to one-fifth 
the fraction defective detected by the known contact C. 
Further, the fraction defective detected by the contact B is 
reduced to one-second the fraction defective detected by the 
known contact C. The reason why the fraction defective 

10 detected by the known contact C has a large value is conceived 
to be attributable to the following situation: Namely, the 
electronic device or semiconductor package 14 is tested while 
the agglomerate 8 is interposed between the tip end 3 of the 
contact 1 and the external connection terminal 14a, to thereby 

15 hinder establishment of good electrical contact between the 
external connection terminal 14a and the tip end 13. As a 
result, an electronic device or semiconductor package 14 is 
determined to be defective even through the electronic device 
or semiconductor package 14 is actually non-defective. In 

20 order to compare the three types of contacts with one another 
in terms of the length of life, the contacts A, B, and C are 
compared with one another with regard to maintenance from the 
view point of frequency of replacement, provided that contact 
resistance of 1 D. or more is detected as a result of an increase 

25 in the area on the contact surface in which agglomerate is 
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deposited. The tests show that the contact A is improved 10 
in terms of maintenance when compared with the known contact 
C and that the contact B is improved four times in terms of 
maintenance when compared with the known contact C. 

The present embodiment has described a method of testing 
an electronic device or semiconductor package, particularly, 
an IC, through use of a test socket. The method can also be 
used for testing a printed board or a liquid-crystal device 
other than an IC, by means of bringing a contact according to 
the present invention into contact with an external connection 
terminal of a printed board or liquid-crystal device. 
(11th Embodiment) 

By means of the test described in connection with the 
10th embodiment/ flaws formed in the surface of the external 
connection terminal 14a of the semiconductor package 14, which 
flaws are formed by the contact A according to the 5th 
embodiment, the contact B according to the 3rd embodiment, and 
the known contact C shown in FIG. 20. No substantial flaws 
are found in the external connection terminal which is tested 
by the contact terminal A. Small flaws of about 10 |om are found 
in the external connection terminal which is tested by the 
contact B. Large flaws of several hundreds of micrometers are 
found in the external connection terminal which is tested by 
the contact C . It could be ascertained that flaws, which would 
be formed in an external connection terminal by a contact, can 
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be made small by means of preventing horizontal sliding action 

of the contact. 

The present invention having the foregoing structure 

yields the following advantages. 
5 A plurality of resilient sections are connected to a tip 

end which is to be brought into contact with an external 
connection terminal of a contact belonging to a test socket 
of an electronic device or semiconductor package. The 
resilient sections are bent so as to extend in opposite 
10 directions horizontally with respect to the tip end. The force 
exerted downward on the tip end is equally distributed between 
the plurality of resilient sections. The resilient sections 
are eventually deflected downwardly without involvement of 
horizontal sliding action. The force which is exerted on the 
15 tip end in reaction to the downward deflection of the curved 
portions brings the tip end 3 into pressing contact with the 
external connection terminal 14a. 

There can be prevented scraping of a member constituting 
the external connection terminal or formation of oxides on the 
20 external connection terminal, which would otherwise be caused 
when relative sliding movement arises" between the tip end and 
the external connection terminal. Accordingly, there can be 
prevented generation and accumulation of agglomerate on the 
surface of the tip end. The present invention yields an 
25 advantage of ability to effect a highly-reliable test for a 
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long period of time. Further, the present invention prevents 
electrical shortcircui t , which would otherwise be caused when 
agglomerate deposited on the tip end comes off from the tip 
end and the thus-exfoliated agglomerate flakes affix to an 
external connection terminal. 

So long as the plurality of resilient sections are formed 
so as to differ in thickness or length from one another or 
another resilient section is added to the resilient sections 
which are opposed, one of the resilient sections is made so 
as to slightly differ in rigidity from the other resilient 
section, thereby imparting a trace amount of horizontal 
sliding action to the tip end 3 . Even in a case where electrical 
contact is difficulty to establish because of presence of a 
thick oxide film on the external connection terminal, 
electrical connection can be established unfailingly. 
Further, the amount of horizontal sliding action is minimized, 
and there can be prevented formation and deposition of 
agglomerate on the surface of the tip end to be brought into 
contact with an external connection terminal of an electronic 
device or semiconductor package. Therefore, a highly- 
reliable test an be effected for a long period of time. 

A substantially hemi-spherical or roundly-pointed head 
is formed at the head of the tip end to be brought into contact 
with an external connection terminal of an electronic device 
or semiconductor package. Further, a curvature radius of the 
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tip end is set so as to assume a value of 0.3 mm or less. 
Consequently, contact resistance arising between an external 
connection terminal and a tip end can be made small, as a result 
of which a highly-reliable test can be effected for a long 

5 period of time. 

The tip end to be brought into contact with an external 
connection terminal of an electronic device or semiconductor 
package is formed so as to assume a smooth corrugated cross 
section, and the curvature radius of the tip end is particularly 

10 set so as to assume a value of 0 . 3 mm or less. As a result, 
contact resistance arising between an external connection 
terminal and a tip end can be made small, as a result of which 
a highly-reliable test can be effected for a long period of 
time . 

15 a plurality of protuberances formed from smoothly- 

curved surfaces and a plurality of recesses which are adjacent 
to the protuberances and formed from smoothly-curved surfaces 
are formed in the tip end to be brought into contact with an 
external connection terminal of an electronic device or 

20 semiconductor package. As a result, the protuberances are 
engaged with a solder film covering the external connection 
terminal. Thus, the tip end can be brought into contact with 
the external connection terminal without fail. Agglomerate 
resulting from the protuberances engaging with the solder film 

25 can be eliminated into the recesses . Although the agglomerate 
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is deposited into the recesses in trace amount, contact between 
the external connection terminal and the tip end can be ensured 
at all times by means of the plurality of protuberances, thereby 
enabling stable electrical connection for a long period of 
5 time. 

Further, a agglomerate-resistant member is provided on 
the tip end to be brought into contact with an external 
connection terminal of an electronic device or semiconductor 
package or on the irregularities on the tip end. As a result, 

10 agglomeration of agglomerate, such as a trace amount of solder 
chippings, can be prevented. Further, the present invention 
yields an advantage of prolonging the life of a test socket. 

The agglomerate-resistant member is selected from the 
group comprising chromium, tungsten, titanium nitride, and 

15 diamond-like carbon containing graphite components in high 
proportion. Presence of the agglomerate-resistant member 
makes extremely low chemical affinity of solder for a tip end 
to be brought into contact with an external connection terminal 
of an electronic device or semiconductor package or for 

20 irregularities formed on the tip end. Consequently, 
agglomerate becomes difficult to adhere to the tip end. Thus, 
the present invention yields an advantage of prolonging the 

life of a test socket. 

The agglomerate-resistant member is selected from 
25 either diamond-like carbon containing graphite in low 
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proportion or diamond. The agglomerate-resistant member is 
provided on the tip end other than the area where the tip end 
establishes electrical connection with an external connection 
terminal . Presence of the agglomerate-resistant member makes 
extremely low chemical affinity of solder for a tip end to be 
brought into contact with an external connection terminal of 
an electronic device or semiconductor package or for 

irregularities formed on the tip end. Thus, the present 

invention yields the same advantage as that mentioned above. 

The present invention employs a manufacturing method 

comprising the steps of: 

punching material so as to define the profile of a contact 

of a test socket belonging to an electronic device or 

semiconductor packaged- 
roughening a tip end to be brought into contact with an 

external connection terminal of an electronic device or 

semiconductor package, by means of electric discharge 

machining; 

plating the thus-roughened punched socket with nickel; 

and 

plating the socket with gold. 
As a result, there can be readily and inexpensively effected 
defining of a required profile, formation of irregularities 
in the tip end, and formation of an oxide film. There can be 
manufactured the test socket. 
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Since the contact of the test socket of an electronic 
device or semiconductor package can establish electrical 
contact stably and continuously with an external connection 
terminal of the electronic device or semiconductor package, 
the reliability of electrical test of an electronic device or 
semiconductor package can be improved. Further, since the 
test socket can be used over a long period of time, the present 
invention yields an advantage of reducing the frequency of 
replacement of a test socket, thereby improving the 
maintenance characteristic of a test socket, 

Since the electronic device or semiconductor package is 
tested through use of the contact without involvement of 
horizontal sliding action of the tip end or with involvement 
of a trace amount of horizontal sliding action of the tip end, 
the present invention yields an advantage of ability to reduce 
flaws, which would otherwise arise in the external connection 
terminal as a result of the contact comes into contact with 
the external connection terminal. Further, the present 
invention prevents occurrence of an electrical shortcircuit , 
which would otherwise be caused when flakes of agglomerate 
coming off from the tip end adheres to" an external connection 
terminal. The present invention also prevents occurrence of 
a failure, which would otherwise be caused by the agglomerate 
adhering to the external connection terminal at the time of 
mounting of a semiconductor package. 
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(12th Embodiment) 

Preferred embodiments of the present invention will be 
described hereinbelow by reference to the accompanying 
drawings, FIG. 24 is a front view showing the structure of 
5 a contact of a test socket according to a 12th embodiment of 
the present invention. In the drawings f reference numeral 1 
designates a contact; 2L and 2R designate resilient sections; 
3L and 3R designate tip ends to be brought into contact with 
% an external connection terminal of a member to be tested 

nl 10 (hereinafter referred to simply as a ""member"), such as an 

m electronic device or semiconductor package; 4 designates a 

Sj base; 5 designates a terminal to be connected with a test 

£ 

Q circuit board; and 6 designates a support. 

fy The contact 1 of the test socket has a free end to be 

C3 15 brought into contact with the external connection terminal 14a 

of the semiconductor package 14, the free end being split into 
two tip ends 3L and 3R. The tip end 3L is connected to a 
resilient section 2L, and the tip end 3R is connected a 
resilient section 2R, the resilient section 2L differing from 
20 the resilient section 2R. The two resilient sections 2L and 
2R are connected to a single support section 6, and the base 
4 to be used for positioning a test socket extends horizontally 
from the support section 6. The terminal 5 to be connected 
to a test board is connected to a lower portion of the support 
25 section 6. 
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An external connection terminal 14a of the member is 
placed on the tip ends 3L and 3R, and an unillustrated press 
jig is pressed against the external connection terminal 14a. 
The force exerted downward on the tip ends 3L and 3R is 
5 substantially equally distributed between the two resilient 
sections 2L and 2R which are provided opposite to each other 
and are curved so as to extend horizontally with respect to 
the tip ends 3L and 3R. The two resilient sections 2L and 2R 
% are deflected downwardly, and the force which is exerted on 

%\ 10 the tip ends 3L and 3R in reaction to the downward deflection 

Pl of the two resilient sections 2L and 2R brings the tip ends 

3L and 3R into pressing contact with the external connection 
m terminal 14a. At this time, the resilient section 2R is 

fjj deflected around a fulcrum 2S at which the resilient section 

Q 15 2R is connected to the support section 6, wherewith the tip 

end 3R attempts to cause horizontal movement toward the other 
tip end 3L. Similarly, force acts on the tip end 3L so as to 
cause horizontal movement toward the tip end 3R. Consequently, 
the tip ends 3L and 3R are pressed against each other and cause 
20 relative sliding action with respect to the external 
connection terminal 14a over a distance corresponding to a 
clearance defined between the tip ends 3L and 3R, as a result 
of which scraping of a member constituting the external 
connection terminal 14a or oxides formed on the external 
25 connection terminal 14a arises in a smaller amount. 
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Accordingly, there can be prevented generation and 
accumulation of agglomerate on the surfaces of the tip ends 
3L and 3R. 

The force exerted on the tip ends 3L and 3R in a direction 
in which they are pressed against each other can be changed 
by means of changing the position of the fulcrum 2S. For 
instance, so long as the width of the support section 6 is 
increased, as shown in FIG . 25, pressing force can be increased. 
(13th Embodiment) 

FIGS. 2 6A and 2 6B are front views showing the structure 
of a contact of a test socket according to a 13th embodiment 
of the present invention. In the drawing, reference numeral 
1 designates a contact; 2L and 2R designate resilient sections; 
3L and 3R designate tip ends; 4 designates a base; 6 designates 
a support; 14 designates a semiconductor package; and 14a 
designates an external connection terminal. 

The present embodiment describes the operation of the 
contact of the test socket according to the 12th embodiment. 
There may be a case where the external connection terminal 14a 
is not formed horizontally and presses the tip end 3R downwardly 
to a position lower than that of the tip end 3L. Further, there 
may be a case where a resin chipping 16 is attached to the 
external connection terminal 14a and where the resin chipping 
16 is caught between the external connection terminal 14a and 
the tip end 3R, as shown in FIG. 2 6B. The tip end of the contact 
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1 of the test socket is split into the tip ends 3L and 3R, with 
the tip end 3L being connected to the resilient section 2L, 
and the tip end 3R being connected to the resilient section 
2R. By means of such a structure of the tip end, the resilient 
5 section 2R causes downward deflection faster than the 
resilient section 2L, wherewith the tip end 3R is moved toward 
the tip end 3L. As mentioned in the 12th embodiment, the tip 
ends 3L and 3R are pressed against each other, and hence the 
% tip end causes only a trace amount of horizontal movement. In 

10 other words, the tip ends 3L and 3R do not cause any substantial 
Fg relative sliding action with respect to the external 

ij connection terminal 14a. Scraping of a member constituting 

3 the external connection terminal 14a or oxides formed on the 

1J external connection terminal 14a can be suppressed, and hence 

3 15 there can be prevented generation and accumulation of 

agglomerate on the surfaces of the tip ends 3L and 3R. Even 
if the resin chipping 16 is caught between the external 
connection terminal 14a and the tip end 3L or 3R, to thereby 
hinder establishment of electrical connection, establishment 
20 of electrical connection is ensured by the remaining tip end, 
because the tip end is split into the tip ends 3L and 3R. 
(14th Embodiment) 

FIG. 27 is a front view showing the tip end of a contact 
of a test socket according to a 14th embodiment of the present 
25 invention. In the drawings, reference numeral 3L and 3R 
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designate tip ends; 3a designates a side protuberance 
projecting from the tip end 3L; 3b designates a side 
protuberance projecting from the tip end 3R; and 17 designates 
a clearance defined between the side protuberances 3a and 3b. 
5 In the present embodiment, the contact 1 of the test 

socket has a free end to be brought into contact with the 
external connection terminal 14a of the semiconductor package 
14, the free end being split into two tip ends 3L and 3R. The 
tip end 3L has the side protuberance 3a, and the tip end 3R 
10 has the side protuberance 3b. The side protuberances 3a and 
3b are oriented opposite to each other, and the clearance 17 
is defined between the side protuberances 3a and 3b. When the 
external connection terminal 14a is brought into contact with 
the tip ends 3L and 3R of the test socket, resilient sections 
15 cause deflections, and the restoration force of the resilient 
sections brings the tip ends 3L and 3R into contact with the 
external connection terminal 14a, as in the case of the 12th 
embodiment. In a case where force is exerted on the tip ends 
3L and 3R in a direction in which the tip ends 3L and 3R are 
20 pressed against each other, the side protuberances 3a and 3bb 
are brought into collision with each other. The distance over 
which the tip ends 3L and 3R are horizontally moved is 
determined by the dimension of the clearance C, thereby 
determining the amount of sliding action arising between the 
25 contact and the external connection terminal. If the 
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dimension of the clearance C shown in FIG. 27 is set to a value 
of 20 (Jia or thereabouts, the amount of horizontal movement of 
the tip ends 3L and 3R can be made smaller than that achieved 
by the known test socket. A trace amount of horizontal 
5 movement is imparted to the tip ends 3L and 3R, and hence 
electrical connection can be established without fail even 
when a thick oxide film covering the external connection 
terminal imposes difficulty in establishing electrical 
connection between the external connection terminal and the 
10 tip ends 3L and 3R. Provided that the interval between the 
tip ends 3L and 3R (designated by dimension D shown in FIG. 
26) is set to a value of about 200 \im, electrical contact can 
be established between an external connection terminal and 
either of the tip ends, even if the length of an external 
15 connection terminal varies. Thus, there can be prevented 
occurrence of disconnection between the external connection 
terminal and the contact. 
(15th Embodiment) 

FIG. 28 is a front view showing the structure of a contact 
20 of a test socket according to a 15th embodiment . In the drawing, 
reference numeral 1 designates a contact; 2L and 2R designate 
resilient sections; 3L and 3R designate tip ends; 5 designates 
a terminal; and 6 designates a support section. 

The contact 1 of the test socket has a free end to be 
25 brought into contact with the external connection terminal 14a 
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of the semiconductor package 14, the free end being split into 
two tip ends 3L and 3R. The tip end 3L is connected to the 
resilient section 2L, and the tip end 3R is connected to the 
resilient section 2R. The resilient sections 2L and 2R are 
5 connected to the single support section 6 . The support section 
6 doubles as a horizontally-extending base which is to be used 
for positioning the test socket. The terminal 5 to be 
connected to a test board is attached to the support section 
6. 

10 In the contact 1 of the test socket, the resilient 

sections 2L and 2R are not bent so as to extend horizontally, 
unlike the 12th embodiment. The resilient sections 2L and 2R 
are asymmetrical. The only requirement is to ensure only a 
space for one resilient section. This test socket is effective 

15 for reducing the distance between the seat 13 of the test socket 
shown in FIG . 19 and the tip ends 3L and 3R of the contact 1 
which are brought into contact with the external connection 
terminal 14a. When force is applied to the external connection 
terminal 14a from above while the tip ends 3L and 3R are brought 

20 into contact with the external connection terminal 14a, the 
downward force exerted on the tip end 3L causes 
substantially-vertical deflection of the resilient section 2L 
around a fulcrum 2LS . The downward force exerted on the tip 
end 3R causes deflection of the resilient section 2R toward 

25 the tip end 3L around a fulcrum 2RS while horizontal movement 
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of the tip end 3R is involved. The tip end 3R comes into 
collision with the tip end 3L, thereby preventing involvement 
of any further horizontal movement. Scraping of a member 
constituting the external connection terminal 14a or oxides 
formed on the external connection terminal 14a can be 
suppressed, and hence there can be prevented generation and 
accumulation of agglomerate on the surfaces of the tip ends 
3L and 3R. 

In the present embodiment, the difference between the 
height of the tip end 3L and that of the tip end 3R is not 
specified. The resilient section 3R is lower in rigidity than 
the resilient section 3L and causes a trace amount of deflection 
toward the tip end 3L involving horizontal movement . For these 
reasons, the position of the tip end 3R is preferably made 
higher than that of the tip end 3L. 

(16th Embodiment) 

FIG. 29 is a front view showing the structure of a tip 
end of a contact of a test socket according to a 16th embodiment 
of the present invention. In the drawing, reference numeral 

1 designates a contact; 2L and 2R designate resilient sections; 

3L and 3R designate tip ends; 5 designates a terminal; and 6 

designates a support section. 

The contact 1 of the test socket has a free end to be 

brought into contact with the external connection terminal 14a 

of the semiconductor package 14, the free end being split into 
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two tip ends 3L and 3R. The tip end 3L is connected to the 
resilient section 2L, and the tip end 3R is connected to the 
resilient section 2R. The resilient sections 2L and 2R are 
connected to the single support section 6. A vector is defined 
5 by means of interconnecting the center of the tip end 3L and 
a center 2S at which the resilient section 2L is connected to 
the support section 6. Another vector is defined by means of 
interconnecting the center of the tip end 3R and the center 
2S at which the resilient section 2R is connected to the support 
10 section 6. These two vectors substantially match the 
direction in which the tip ends 3L and 3R are brought into 
contact with the external connection terminal 14a. 

As in the case of the 15th embodiment, the contact 1 of 
the test socket according to the present embodiment comprises 
15 the resilient sections 2L and 2R, which are asymmetrical. The 
contact 1 requires only a space for a single resilient section. 
This test socket is effective for reducing the distance between 
the seat 13 of the test socket shown in FIG. 19 and the tip 
ends 3L and 3R of the contact 1 which are brought into contact 
20 with the external connection terminal 14a. When force is 
applied to the external connection terminal 14a from above 
while the tip ends 3L and 3R are brought into contact with the 
external connection terminal 14a, two vectors substantially 
match the direction in which the tip ends 3L and 3R are brought 
25 into contact with the external connection terminal 14a; namely, 
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a vector defined by means of interconnecting the center of the 
tip end 3L and the center 2S at which the resilient section 
2L is connected to the support section 6, and another vector 
defined by means of interconnecting the center of the tip end 
5 3R and the center 2S at which the resilient section 2R is 
connected to the support section 6. Therefore, the resilient 
sections 2L and 2R cause substantially-vertical deflections. 
Further, the resilient section 2L is smaller in rigidity than 
^ the resilient section 2R. The tip end 3L comes into collision 

3, 10 with the tip end 3R involving horizontal movement, thereby 
fi preventing involvement of any further horizontal movement. 

Thus, horizontal movement of the tip ends 3L and 3R can be 
Q prevented, and scraping of a member constituting the external 

ry connection terminal 14a or oxides formed on the external 

O 15 connection terminal 14a can be suppressed. Therefore, there 

can be prevented generation and accumulation of agglomerate 
on the surfaces of the tip ends 3L and 3R. Moreover, in the 
present embodiment, the two resilient section 3L is connected 
to the support section 6 by way of the resilient section 3R. 
20 In contrast with the 15th embodiment, the difference in 
rigidity between the two resilient sections 2L and 2R does not 
become great, thus realizing facilitated control of contact 
pressure of the contact 1. 

In the present embodiment, the difference between the 
25 height of the tip end 3L and that of the tip end 3R is not 
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specified. The resilient section 3L is lower in rigidity than 
the resilient section 3R and causes a trace amount of deflection 
toward the tip end 3R involving horizontal movement . For these 
reasons, the position of the tip end 3L is preferably made 
5 higher than that of the tip end 3R. 
(17th Embodiment) 

FIG. 8 is a perspective view showing a portion of a 
plurality of tip ends belonging to a contact of a test socket 
If according to a 17th embodiment of the present invention. The 

Jf; 10 tip end 3 is formed into a roundly-pointed head 16 having a 

^ certain thickness. A contact according to the present 

T } embodiment is formed from beryllium copper having a thickness 

£j of 0.2 mm by means of pressing, to thereby define the outer 

rfj profile of the contact. After the tip end 3 had been split 

S 15 into two sections, the roundly-pointed head 16 is formed on 

each of the two tip ends through use of a brass wire such that 
the roundly-pointed heads 16 are of different radii of 
curvature. A test socket is manufactured through use of the 
contact, and a force of about 50 g is exerted on the tip ends 
20 of the contact from above, through use of a press jig, thereby 
examining the relationship between contact resistance and the 
curvature radii of the tip ends. FIG. 9 shows test results. 
The graph shown in FIG. 9 represents the relationship between 
contact resistance and the curvature radii of the tip ends 
25 obtained when the contact of the test socket according to the 
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present embodiment is used. It can be ascertained that contact 
resistance can be suppressed when the tip end 3 is provided 
with the roundly-pointed head 16 having a curvature radius of 
about 0.3 mm or less. 

Although the present embodiment has described the 
relationship between contact resistance and the curvature 
radius of the tip end obtained in the case of use of the test 
socket whose the tip end 3 has the roundly-pointed head 16, 
the same relationship can be achieved even in a case where the 
tip end 3 is formed into a substantially-hemi-spherical head 
17. Further, the same relationship is achieved even in a case 
where the tip ends 3 of the contacts 1 of the test sockets 
described in the 13th through the 16th embodiments are formed 
so as to assume a substantially-hemi-spherical or roundly- 
pointed head. 
(18th Embodiment) 

FIG. 11 is a perspective view showing the structure of 
a portion of a plurality of tip ends belonging to a contact 
of a test socket according to an 18th embodiment of the present 
invention. Reference numeral 3 designates a tip end; and 18 
designates a corrugated portion formed in a portion of the tip 
end 3, the corrugated portion having a smooth corrugated cross 
section. In a case where the curvature radius of each of the 
corrugations 18 is set to 0 . 3 mm or less, there is yielded the 
advantageous result yielded in the 17th embodiment is yielded. 
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(19th Embodiment) 

FIG. 12 is a perspective view showing the structure of 
a portion of a plurality of tip ends of a contact belonging 
to a test socket according to an 19th embodiment of the present 
5 invention. FIG. 13 is an enlarged cross-sectional view 
showing a tip end of a contact when the tip end is in contact 
with an external connection terminal. FIGS. 14A and 14B are 
plans view showing agglomerate deposited on the tip end in 
comparison with the agglomerate deposited on a tip end of a 

10 contact belonging to a known test socket. In the drawings, 
reference numeral 3 designates a tip end (3L or 3R) ; 7 
designates irregularities formed on the tip end 3; 7a shown 
in FIG, 13 designates a plurality of protuberances formed from 
smoothly-curved surfaces; 7b designates a plurality of 

15 smoothly-curved recesses formed adjacent to the 
protuberances; 14a designates an external connection 
terminal; 14b designates a solder film, such as solder, formed 
so as to cover the external connection terminal 14a; and 8 
designates agglomerate . 

20 In the contact 1 according to the 19th embodiment, if, 

as shown in FIG. 12, the irregularities 7 are formed on the 
surfaces of the respective tip ends 3L and 3R, the protuberances 
7a are engaged in the surface of the solder film 14b on the 
external connection terminal 14a, as shown in FIG. 13. As a 

25 result, an oxide film which is present on the surface of the 
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solder film 14b is broken, and a contact area between the 
protuberance 7a and the solder film 14b is increased. Since 
a plurality of protuberances 7a are present on the tip end 3, 
there can be ensured a sufficient contact area between the 
protuberances 7a and the solder film 14b without involvement 
of relative sliding motion resulting from horizontal movement 
of the contact 1. Accordingly, an electrical signal can be 
transmitted/received by way of the contact 1 . In other words, 
good electrical contact can be ensured for a long period of 
time while there is minimized formation of agglomerate, which 
would be caused when the protuberances 7a scrape the solder 
film 14b formed on the external connection terminal 14a. 

In the present embodiment, formation of agglomerate, 
which would otherwise be caused by sliding action of the known 
contact, is minimized. However, when the protuberances 7a 
formed on the tip end 3 of the contact 1 are engaged with the 
solder film 14b, the agglomerate 8 — which is an aggregation 
of solder or oxide scraped from the solder film 14b — is 
displaced into the recesses 7b. In the present embodiment, 
the agglomerate 8 is locally deposited in a trace amount. 
Deposition of the agglomerate 8 is described in comparison with 
the agglomerate 8 which is deposited on the known contact, by 
reference to FIGS . 14A and 14B. As shown in FIG. 14B, the 
agglomerate 8 is deposited over substantially the entirety of 
the tip end 3 to be brought into contact with an external 
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connection terminal- The contact 1 would fail to establish 
good electrical contact with the external connection terminal 
14a before long. In contrast, in the contact 1 according to 
the present embodiment, the agglomerate 8 is accumulated in 
5 the recesses 7b. As shown in FIG. 14A, the agglomerate 8 is 
scarcely present in the contact area where the contact 1 is 
in contact with the external connection terminal 14a. Even 
in a case where the agglomerate 8 is deposited on the tip end 
3 through repetition of tests, the plurality of protuberances 

10 7a can ensure electrical contact. Further, since relative 
sliding action, which would otherwise arise between the 
contact 1 and the external connection terminal 14a, is 
minimized, and hence agglomerate 8 is deposited in small amount . 
Thus, stable electrical contact can be established between the 

15 external connection terminal 14a and the contact 1 for a long 

period of time. 

The geometry of the irregularities 7 formed in the 
surface of the tip end 3 according to the present embodiment 
will now be described in more detail. In order to ensure a 

20 contact area most efficiently, the curvature radius R of the 
top of the protuberance 7a is preferably set so as to assume 
substantially the same value as the thickness of the outermost 
layer of the external connection terminal 14a; that is, the 
thickness of the solder film 14b. A cavity formed by 

25 combination of the protuberances 7a and the recesses 7b is 
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filled with the agglomerate 8 soon, if the cavity has a shallow 
depth D. For this reason, the depth D of the cavity is 
preferably set so as to assume a thickness which is greater 
than the thickness of the outermost layer on the external 
5 connection terminal 14a. In fact, the curvature radius R of 
the top of the protuberance 7a is preferably set so as to assume 
a value of about 10 jam, and the depth D of the cavity formed 
by combination of the protuberances 7a and the recesses 7b is 
preferably set so as to assume a value of about 20 \im. If the 
10 irregularities are formed from smoothly-curved surfaces of, 
for example, 0.2 jomRy or thereabouts, the agglomerate 8 
preferably becomes more slippery, to thereby prevent 
deposition of the agglomerate 8. 
(2 0th Embodiment) 
15 FIG. 15 is a cross-sectional view showing irregularities 

formed in a tip end of a contact belonging to a test socket 
according to a 20th embodiment of the present invention. In 
the drawing, reference numeral 3 (3L or 3R) designates a tip 
end; 7a designates protuberances of the irregularities 7; 7b 
20 designates recesses; and 9 designates a conductive solder- 
resistant agglomerate member formed^ on the surface of the 
protuberances 7a. 

In the contact (the entirety thereof is not shown) having 
the foregoing structure, the solder-resistant conductive 
25 agglomerate member 9 having a thickness of about 1 pm is formed 
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on the protuberances 7a of the irregularities 7 formed on the 
tip end 3, thereby preventing coagulation of the agglomerate 
8, such as solder chippings . Any substance may be employed 
as the solder-resistant conductive agglomerate member 9, so 
long as the substance has low chemical affinity for solder. 
For example, chromium, tungsten, titanium nitride, titanium 
nitride-oxide, and diamond-like carbon containing graphite 
components in high proportion are particularly preferable. 
The surface of the irregularities 7 of the tip end 3 can be 
coated with chromium by means of plating, and the surface of 
the irregularities 7 can be coated with any one of the other 
substances by means of vapor-phase composition technique. 
(21st Embodiment) 

FIG. 16 is a cross-sectional view showing irregularities 
formed on a tip end of a contact belonging to a test socket 
according to a 21st embodiment of the present invention. In 
the drawing, reference numeral 3 (3L or 3R) designates a tip 
end; 7a designates protuberances of the irregularities 7; 7b 
designates recesses; and 10 designates a solder-resistant 
non-conductive agglomerate member which is formed on the 
surface of the protuberances 7a. 

In the contact 1 having such a structure (the entirety 
of the contact 1 is not shown) , the solder-resistant non- 
conductive agglomerate member 10 having a thickness of, for 
example, about 1 ]iuti is formed on the protuberances 7a of the 
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irregularities 7 formed on the tip end 3, thereby preventing 
agglomeration of solder chippings into the agglomerate 8, Any 
substance may be employed as the solder-resistant non- 
conductive agglomerate member 10, so long as the substance has 
5 low chemical affinity for solder. For example, diamond or 
diamond-like carbon containing graphic components in low 
proportion is particularly preferable. The solder-resistant 
non-conductive agglomerate member 10 can be formed on the 
surface of the irregularities 7 formed on the tip end 3 by means 

10 of the vapor-phase composition technique. In order to ensure 
establishment of electrical contact between the tip end 3 and 
the external connection terminal 14a or a coating film formed 
on the external connection terminal 14a, the contact is 
subjected to oxygen plasma etching after a coating film has 

15 been formed on the tip end 3, to thereby remove a non-conductive 
film from an electrical connection section. Further, a 
portion of the surface of the irregularities 7 of the tip end 
3, which portion is to act as an electrical connection section, 
may be covered with a resist film at the time of formation of 

20 the solder-resistant non-conductive agglomerate member 10. 

(22nd Embodiment) 

A method of producing the contact 1 in which the plurality 
of tip ends 3 described in any one of the 12th through 16th 
embodiments are connected to the different resilient sections 
25 2, comprises 
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a first step of punching, into a component, a member 
having the property of a spring by means of pressing, to thereby 
define the profile of a contact; 

a second step of splitting a tip end of the thus-punched 
5 component into a plurality of tip ends, the tip end being 
brought into contact with a member to be tested; and 

a third step of coating the thus-punched component having 
the split tip ends. 

FIG. 30 is a flowchart showing specific example steps 
10 of a method of manufacturing a test socket for use in testing 
an electronic device or semiconductor package according to the 
22nd embodiment. For example, a plate-like member having the 
property of a spring and a thickness of hundreds of micrometers, 
such as beryllium copper or phosphor bronze, is pressed into 
15 a component, to thereby define the profile of the contact 
terminal 1. The head of the tip end 3 of the contact 1 is 
finished through use of a brass wire having a diameter of about 
200 |om. Further, the tip end 2 is split into two pieces through 
use of a narrow tungsten wire having a diameter of 20 to 90 
20 urn. The thus-punched component whose tip end has been split 
into two pieces is subjected to electrolytic nickel plating. 
In order to finish the component, the component is plated with 
gold to a thickness of about 1 [im for preventing oxidation. 
The width of a clearance defined between the tip ends 3L and 
25 3R is controlled by means of the diameter of the tungsten wire 
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used for splitting the tip end 3 or the thickness of plating. 
Through the foregoing steps, there can be readily manufactured 
the contact 1 comprising: 

the tip ends 3L and 3R to be brought into contact with 
an external connection terminal of an electronic device or a 
semiconductor package; 

the resilient section 2L connected to the tip end 3L; 
the resilient section 2R connected to the tip end 3R; 
the support section 6 connected directly to the resilient 
sections 2L and 2R or is connected to one resilient section 
by way of the other resilient section; 

the base 4 connected to the support section 6 for 
positioning a test socket; and 

the terminal 5 to be connected to a test circuit board 
being connected to the base 4. 
(23rd Embodiment) 

A method of producing the contact 1 in which the 
irregularities 7 are formed in the tip end 3 described in the 
19th embodiment, comprises 

a first step of punching, into a component, a member 
having the property of a spring by means of pressing, to thereby 
define the profile of a contact; 

a second step of splitting a tip end of the thus-punched 
component into a plurality of tip ends, the tip end being 
brought into contact with a member to be tested; 
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a third step of forming, in the thus-split tip ends, a 
plurality of protuberances and recesses from smoothly-curved 
surfaces such that the protuberances and the recesses are 
arranged adjacent to each other; and 

a fourth step of coating the component whose tip end has 
been split and in which the irregularities are formed in the 
thus-split tip ends, 

FIG. 31 is a flowchart showing specific example steps 
of a method of manufacturing a test socket for use in testing 
an electronic device or semiconductor package according to the 
23rd embodiment. For example, a plate-like member having the 
property of a spring and a thickness of hundreds of micrometers, 
such as beryllium copper or phosphor bronze, is pressed into 
a component, to thereby define the profile of the contact 
terminal 1. The head of the tip end 3 of the contact 1 is split 
into two pieces through use of a narrow tungsten wire having 
a diameter of about 20 through 90 \m. The thus-split tip ends 
3L and 3R of the contact 1 are made rough by means of any one 
0 f the electric discharge machining technique, the sand 
blasting technique, the liquid honing technique, and the 
etching technique. Protuberances formed in the thus- 
roughened surfaces of the tip ends 3L and 3R are plated with 
electrolytic nickel, and a solder film is grown until desired 
irregularities are formed. The thickness of the solder film 
is preferably determined by means of the degree of a roughening 
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operation. The thickness of the solder film preferably 
assumes a value of 5 to 20 jam or thereabouts. Further, the 
thus-punched component which has been plated is plated with 
gold to a thickness of about 1 |im, to thereby prevent oxidation 
of the contact 1. The width of a clearance defined between 
the tip ends 3L and 3R is controlled by means of the diameter 
of the tungsten wire used for splitting the tip end 3 or the 
thickness of plating. Through the foregoing steps, there can 
be readily manufactured the contact 1 comprising: 

the tip ends 3L and 3R to be brought into contact with 
an external connection terminal of an electronic device or a 
semiconductor package; 

the resilient sections 2 connected to the respective tip 
ends 3L and 3R; 

the support section 6 connected directly to the resilient 
sections 2 or is connected to one resilient section by way of 
the other resilient section; 

the base 4 connected to the support section 6 for 
positioning a test socket; 

the terminal 5 to be connected to a test circuit board 
being connected to the base 4; 

the plurality of protuberances 7a which are formed in 
the tip ends 3L and 3R from smoothly-curved surfaces; and 

the plurality of recesses 7b which are adjacent to the 
protuberances 7a and formed from smoothly-curved surfaces. 
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In the present embodiment, the tip ends 3L and 3R of the 
contact 1 are roughened by means of the electric discharge 
machining or the like, and protuberances which are present in 
the thus-roughened area are plated with nickel. Through the 
steps according to the present embodiment, a plate-like member 
having the property of a spring, such as beryllium copper or 
phosphor bronze, is pressed into a component, to thereby define 
the profile of the contact terminal 1. The tip ends 3L and 
3R are plated with cobalt, thereby producing a granular member 
having a diameter of about 20 |jrai. Thus, desired irregularities 
can be formed in the tip end 3 without involvement of an electric 
discharge machining operation as preliminary treatment. 

The present embodiment has described an example 
manufacturing method of producing the contact 1 in which each 
of the tip ends 3L and 3R is provided with the roundly-pointed 
head 16. In order to produce the contact 1 in which the 
substantially hemi-spherical head 17 described in connection 
with the 17th embodiment is formed in each of the tip ends 3L 
and 3R, after the tip end 3 has been split into the tip ends 
3L and 3R, the tip ends 3L and 3R are finished through use of 
a wire such that the head of each of" the tip ends 3L and 3R 
assumes a substantially hemi-spherical shape. In order to 
produce the contact 1 in which the tip end described in 
connection with the 18th embodiment is finished so as to assume 
the corrugations 18 having a smooth corrugated cross section, 
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the tip end 3 is finished by means of the electrical discharge 
machining or coining technique. 

The present embodiment has not described a manufacturing 
method of plating the irregularities 7 formed on the tip end 
3 described in connection with the 18th embodiment forming with 
a member having an agglomeration-resistant property. 
According to the manufacturing method by which the solder- 
resistant conductive agglomerate member 9 is formed on the 
irregularities 7 formed in the tip ends 3L and 3R, the 
solder-resistant conductive agglomerate member 9 is formed by 
means of plating or the vapor-phase composition technique, 
such as the PVD or CVD technique, in a step subsequent to the 
step in which the tip ends 3L and 3R have been plated with nickel . 
Further, in a subsequent step, the tip ends 3L and 3R are plated 
with gold for preventing oxidation of the contact 1. In order 
to prevent the solder-resistant conductive agglomerate member 
9 from being coated with gold, a resist film is provided on 

the tip ends 3L and 3R. 

According to the manufacturing method under which the 
solder-resistant nonconductive agglomerate member 10 
according to the 21st embodiment" is provided on the 
irregularities 7 formed in the tip ends 3L and 3R, the 
solder-resistant nonconductive agglomerate member 10 is 
formed by means of the vapor-phase composition technique, such 
as PVD or CVD, in a step subsequent to the step of plating the 
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tip end 3 with electrolytic nickel. The tip end 3 is subjected 
to oxygen plasma etching in a subsequent step. In order to 
ensure electrical connection, the solder-resistant 
nonconductive agglomerate member 10 is removed from the tip 
end of the irregularities 7. In a subsequent step, the tip 
end 3 is plated with gold. In order to prevent the 
solder-resistant nonconductive agglomerate member 10 from 
being plated with gold, a resist film is provided on the tip 
end 3 . 

(24th Embodiment) 

There is made comparison among the contact A of the test 
socket according to the 12th embodiment which is shown in FIG. 
24 and in which the tip end 3 is split into two pieces, the 
contact B according to the 19th embodiment in which 
irregularities are formed in the tip end, and the known contact 
C shown in FIG. 20. FIG. 32 is a table showing a fraction 
defective of semiconductor packages which are tested through 
use of the three types of contacts; A, B, andC. A lot is divided 
into three groups for the respective contacts A, B, and C, each 
group comprising about 3000 electronic devices or 
semiconductor packages 14. A certain IC included in 
respective electronic device or semiconductor package 14 is 
tested through use of the contacts A, B, and C. The fraction 
defective detected by the contact A is reduced to one-fourth 
the fraction defective detected by the known contact C. 
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Further, the fraction defective detected by the contact B is 
reduced to about one-seventh the fraction defective detected 
by the known contact C. The reason why the fraction defective 
detected by the known contact C has a large value is conceived 
to be attributable to the following situation: Namely, the 
electronic device or semiconductor package 14 is tested while 
the agglomerate 8 is interposed between the tip end 3 of the 
contact 1 and the external connection terminal 14a, to thereby 
hinder establishment of good electrical contact between the 
external connection terminal 14a and the tip end 13. As a 
result, an electronic device or semiconductor package 14 is 
determined to be defective even through the electronic device 
or semiconductor package 14 is actually non-defective. In 
contrast, the contact A according to the present invention 
suppresses relative sliding action of the tip end of the contact 
with respect to the external connection terminal. Even if 
resin chipping 16 has attached to the external connection 
terminal 14a, any one of the split tip ends 13L and 13R can 
establish electrical connection with the external connection 
terminal 14a, as a result of which the fraction defective of 
the electronic device is greatly diminished. Further, the 
protuberances 7a are formed in the tip end of the contact C 
according to the present embodiment, thereby resulting in an 
increase in contact area between the tip end and the external 
connection terminal and ensuring electrical connection 
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between the same. In order to compare the three types of 
contacts with one another in terms of the length of life, the 
contacts A, B, and C are compared with one another with regard 
to maintenance from the view point of frequency of replacement, 
5 provided that contact resistance of 1 a or more is detected 
as a result of an increase in the area on the contact surface 
in which agglomerate is deposited. The tests show that the 
contact A is improved about 10 times in terms of maintenance 
when compared with the known contact C and that the contact 
10 B is improved about four times in terms of maintenance when 
compared with the known contact C. The reason for this can 
be considered to be that the contacts A and B have minimized 
generation of agglomerate and that the contact B can eliminate 
the agglomerate 8 into the recesses. 
15 The present embodiment has described a method of testing 

an electronic device or semiconductor package, particularly, 
an IC, through use of a test socket. The method can also be 
used for testing a printed board or a liquid-crystal device 
other than an IC, by means of bringing a contact according to 
20 the present invention into contact with an external connection 
terminal of a printed board or liquid-crystal device. 

(25th Embodiment) 

By means of the test described in connection with the 
24th embodiment, flaws formed in the surface of the external 
25 connection terminal 14a of the semiconductor package 14, which 
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flaws are formed by the contact A which has the plurality of 
tip ends 3 according to the 12th embodiment, the contact B whose 
tip end 3 has the irregularities 7 formed thereon and which 
is described in connection with the 14th embodiment, and the 
5 known contact C shown in FIG. 20. Small flaws of about 10 \xm 
are found in the external connection terminal which is tested 
through use of the contacts A and B. Large flaws of 50 to 100(im 
are found in the external connection terminal which is tested 
through use of the contact C. It could be ascertained that 
10 flaws, which would be formed in an external connection terminal 
by a contact, can be made small by means of preventing 
horizontal sliding action of the contact. 

The present invention having the foregoing structure 
yields the following advantages. 
15 a tip end of a contact to be brought into contact with 

an external connection terminal of an electronic device or 
semiconductor package comprises a plurality of tip ends, and 
the tip ends are connected to different resilient sections. 
The resilient sections are directly connected to a single 
20 support section, or one resilient section is connected to the 
single support section by way of another resilient section. 
The force exerted downward on the tip ends causes deflections 
of the resilient sections. The force which is exerted on the 
tip ends 3 in reaction to the downward deflection of the 
25 resilient sections brings the tip end 3 into pressing contact 
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with the external connection terminal 14a. At this time, the 

tip ends involve horizontal movement. However, the tip ends 

come into collision with each other, thereby suppressing 

horizontal movement . Since a member constituting the external 

5 connection terminal 14a or oxides formed on the external 

connection terminal 14a are scraped in a smaller amount, there 

can be prevented generation and accumulation of agglomerate 

on the surfaces of the tip ends. Therefore, a highly-reliable 

§ test can be effected for a long period of time. The present 

Hj 10 invention also prevents occurrence of a shortcircuit failure, 

Ul 

?n which would otherwise be caused when the agglomerate adhering 

HJ to the external connection terminal comes off from the tip end 

O - and attaches to the external connection terminal. Even if 

fU resin chipping 16 is caught between the external connection 

0 15 terminal and one of the tip ends, thereby failing to establish 

electrical contact, the remaining tip ends can establish 
electrical contact with the external connection terminal. 

The resilient sections connected to the respective tip 
ends are provided opposite to each other and are bent so as 
20 to extend horizontally with respect to the tip ends . The force 
exerted downward on the tip ends is equally distributed between 
the plurality of resilient sections, and the resilient 
sections are eventually deflected in substantially the 
vertical direction. Although the tip ends attempt to cause 
25 horizontal movement, the tip ends come into collision with the 
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adjacent tip ends, thereby preventing horizontal movement of 
the tip ends. Thus, as mentioned above, the present invention 
can yield an advantage of preventing generation and 
accumulation of agglomerate on the surfaces of the tip ends 
5 and effecting a highly-reliable test for a long period of time . 

A clearance defined between the plurality of tip ends 
yields an advantage of preventing horizontal movement of the 
tip ends. Particularly, in a case where a protuberance is 
formed on the side of each of the tip ends and where a clearance 
10 is defined between the plurality of tip ends, the tops of the 
tip ends can be separated from each other, thereby preventing 
occurrence of disconnection between the external connection 
terminal and the contact. 

A vector is defined by means of interconnecting a 
15 resilient section connected to a tip end, the center of a 
connection section at which a support section supports the 
resilient section, and the center of the tip end to be brought 
into contact with an external connection terminal of a member 
to be tested. The vector substantially matches the direction 
20 in which the tip end is brought into contact with the external 
connection terminal. As mentioned above, the tip ends come 
into collision with the adjacent tip ends, thereby preventing 
horizontal movement of the tip ends . Thus, as mentioned above, 
the present invention can yield an advantage of preventing 
25 generation and accumulation of agglomerate on the surfaces of 
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the tip end. The distance between a seat of a test socket and 
the tip end of the contact can be reduced. 

A substantially hemi-spherical or roundly-pointed head 
is formed at a portion of a tip end to be brought into contact 
with an external connection terminal of an electronic device 
or semiconductor package. Further, a curvature radius of the 
tip end is set so as to assume a value of 0.3 mm or less. 
Consequently, contact resistance arising between an external 
connection terminal and a tip end can be made small, as a result 
of which a highly-reliable test can be effected for a long 
period of time. 

The tip end to be brought into contact with an external 
connection terminal of an electronic device or semiconductor 
package is formed so as to assume a smooth corrugated cross 
section, and the curvature radius of the tip end is particularly 
set so as to assume a value of 0.3 mm or less. As a result, 
contact resistance arising between an external connection 
terminal and a tip end can be made small, as a result of which 
a highly-reliable test can be effected for a long period of 
time . 

A plurality of protuberances " formed from smoothly- 
curved surfaces and a plurality of recesses which are adjacent 
to the protuberances and formed from smoothly-curved surfaces 
are formed in the tip end to be brought into contact with an 
external connection terminal of an electronic device or 
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semiconductor package. As a result, the protuberances are 
engaged with a solder film covering the external connection 
terminal. Thus, the tip end can be brought into contact with 
the external connection terminal without fail. Agglomerate 
resulting from the protuberances engaging with the solder film 
can be eliminated into the recesses . Although the agglomerate 
is deposited into the recesses in trace amount, contact between 
the external connection terminal and the tip end can be ensured 
at all times by means of the plurality of protuberances, thereby 
enabling stable electrical connection for a long period of 
time . 

Further, an agglomerate-resistant member is provided on 
the tip end to be brought into contact with an external 
connection terminal of an electronic device or semiconductor 
package or on the irregularities on the tip end. As a result, 
agglomeration of agglomerate, such as a trace amount of solder 
chippings, can be prevented. Further, the present invention 
yields an advantage of prolonging the life of a test socket. 

The agglomerate-resistant member is selected from the 
group comprising chromium, tungsten, titanium nitride, 
titanium carbide, and diamond-like carbon containing graphite 
components in high proportion. Presence of the 

agglomerate-resistant member makes extremely low chemical 
affinity of solder for a tip end to be brought into contact 
with an external connection terminal of an electronic device 
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or semiconductor package or for irregularities formed on the 
tip end. Consequently, agglomerate becomes difficult to 
adhere to the tip end. Thus, the present invention yields an 
advantage of prolonging the life of a test socket. 

The agglomerate-resistant member is selected from 
either diamond-like carbon containing graphite in low 
proportion or diamond. The agglomerate-resistant member is 
provided on the tip end other than the area where the tip end 
establishes electrical connection with an external connection 
terminal . Presence of the agglomerate-resistant member makes 
extremely low chemical affinity of solder for irregularities 
formed in a tip end, which tip end is to be brought into contact 
with an external connection terminal of an electronic device 
or semiconductor package or for irregularities formed on the 
tip end. Thus, the present invention yields the same advantage 
as that mentioned above. 

The present invention employs a manufacturing method 
comprising the steps of: 

punching a member into a component so as to define the 
profile of a contact of a test socket belonging to an electronic 
device or semiconductor package; 

splitting a tip end of the contact into a plurality of 
pieces by means of wire cutting; 

plating the thus-punched component with nickel; and 

plating the thus-plated component with gold. 
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As a result, there can be readily and inexpensively 
manufactured a test socket which has a required profile, 
comprises a plurality of tip ends, and is plated with a film 
for preventing oxidation. 

The present invention also employs a manufacturing 
method comprising the steps of: 

punching a member into a component, so as to define the 
profile of a contact of a test socket belonging to an electronic 
device or semiconductor package; 

splitting a tip end of the contact into a plurality of 
pieces by means of wire cutting; 

roughening the surfaces of the tip ends through electric 
discharge machining; 

plating the thus-roughened component with nickel; and 
plating the thus-plated component with gold. 
As a result, there can be readily and inexpensively 
manufactured a test socket which has a required profile, 
comprises a plurality of tip ends having irregularities formed 
therein, and is plated with a film for preventing oxidation. 

Since the contact of the test socket of an electronic 
device or semiconductor package can establish electrical 
contact stably and continuously with an external connection 
terminal of the electronic device or semiconductor package, 
the reliability of electrical test of an electronic device or 
semiconductor package can be improved. Further, since the 
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test socket can be used over a long period of time, the present 
invention yields an advantage of reducing the frequency of 
replacement of a test socket, thereby improving the 
maintenance characteristic of a test socket. 

Since the electronic device or semiconductor package is 
tested through use of the contact without involvement of 
horizontal sliding action of the tip end or with involvement 
of a trace amount of horizontal sliding action of the tip end, 
the present invention yields an advantage of ability to reduce 
flaws, which would otherwise arise in the external connection 
terminal as a result of the contact coming into contact with 
the external connection terminal. Further, the present 
invention prevents occurrence of an electrical shortcircuit, 
which would otherwise be caused when flakes of agglomerate 
coming off from the tip end adhere to an external connection 
terminal. The present invention also prevents occurrence of 
a shortcircuit failure, which would otherwise be caused by the 
agglomerate adhering to the external connection terminal at 
the time of mounting of a semiconductor package. 
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1. A test socket with a contact to be electrically connected 
to an external connection terminal of a member to be tested so 
as to be used for testing an electrical characteristic of the 
member, wherein 

said contact comprises: 

a tip end to be brought into contact with said external 
connection terminal; and 

resiliently-def ormable bulging sections which extend 
horizontally with respect to said tip end. 

2. The test socket as defined in claim 1, wherein 

said resiliently-def ormable bulging sections are two 
members which are disposed opposite to each other and extend 
in opposite horizontal directions with respect to said tip end. 

3. The test socket as defined in claim 1, wherein 

said resiliently-def ormable bulging sections are two 
members which are disposed opposite to each other with respect 
to the tip end, and the rigidity of one member differs from that 
of the other member. 

4. The test socket as defined in claim 1, wherein 

a portion of said tip end to be brought into contact with 
said external connection terminal of the member to be tested 
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is formed into a roundly-pointed shape or a substantially 
hemi-spherical shape . 

5. The test socket as defined in claim 1, wherein 

a portion of said tip end to be brought into contact with 
said external connection terminal of the member is formed so 
as to assume a smooth corrugated geometry. 

6. The test socket as defined in claim 5, wherein 

a plurality of protuberances formed from smooth surfaces 
and a plurality of recesses which are adjacent to said 
protuberances and are formed from smooth surfaces are formed 
in said tip end to be brought into contact with said external 
connection terminal of the member. 

7. The method of manufacturing the test socket defined in 
claim 6, comprising the steps of: 

punching material so as to define the profile of a contact 
of a test socket belonging to an electronic device or 
semiconductor package; 

forming, in a tip end to be brought into contact with an 
external connection terminal of a member to be tested of the 
punched component, a plurality of protuberances and a plurality 
of recesses from smoothly-curved surfaces such that the 
recesses are located adjacent to the protuberances; and 
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forming a film on the punched component having the 
irregularities formed therein. 

8. The test method involving use of the test socket as 
defined in claim 1, comprising the steps of: 

bringing an external connection terminal of a member to 
be tested into contact with a tip end of the contact of the test 
socket; 

sending, to the member, an electric signal transmitted 
from a terminal connected to a circuit board; and 

testing the operation of the member through use of the 
electric signal returned from the test member. 

9. The member tested by the test method which involves use 
of the test socket as defined in claim 8. 

10. A test socket comprising: 

a contact to be electrically connected to an external 
connection terminal of a member to be tested and is to be used 
for testing the electrical characteristic of the member, 
wherein 

said contact includes: 

a plurality of tip ends to be brought into contact with 
the external connection terminal; 

resilient sections connected to said respective tip ends; 



82 



and 

a support section to which said resilient sections are 
connected or to which one resilient section is connected by way 
of the other resilient section. 

11. The test socket as defined in claim 10, wherein 

said resilient sections connected to said tip ends are 
two members which are disposed opposite to each other and bent 
so as to extend horizontally in opposite horizontal directions 
with respect to said tip ends. 

12. The test socket as defined in claim 11, wherein 

a clearance is defined between said plurality of tip ends . 

13. The test socket as defined in claim 10, wherein 

a vector is defined by means of interconnecting a 
resilient section connected to a tip end, the center of a 
connection section at which a support section supports the 
resilient section, and the center of said tip end to be brought 
into contact with an external connection terminal of a member 
to be tested, the vector substantially matching the direction 
in which said tip end is brought into contact with said external 
connection terminal . 
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14. The test socket as defined in claim 10, wherein 

a portion of at least one of said tip ends to be brought 
into contact with said external connection terminal of the 
member to be tested is formed into a roundly-pointed shape or 
a substantially hemi-spherical shape. 

15. The test socket as defined in claim 10, wherein 

a portion of at least one of said tip ends to be brought 
into contact with said external connection terminal of the 
member is formed so as to assume a smooth corrugated geometry. 

16. The test socket as defined in claim 15, wherein 

a plurality of protuberances and recesses are formed from 
smooth surfaces in at least one of the tip ends to be brought 
into contact with the external connection terminal of the member 
such that the protuberances and recesses are adjacent to each 
other are formed. 

17. A method of manufacturing said test socket defined in 
claim 10, comprising the steps of: 

punching a member having the property of a spring into 
a component so as to define the profile of a contact of a test 
socket belonging to an electronic device or semiconductor 
package; 

splitting a tip end of the contact into a plurality of 
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pieces; and 

plating said punched component, 

18. A method of manufacturing said test socket defined in 
claim 16, comprising the steps of: 

punching a member having the property of a spring into 
a component so as to define the profile of a contact of a test 
socket belonging to an electronic device or semiconductor 
package; 

splitting a tip end of the contact into a plurality of 
pieces ; 

forming a plurality of protuberances and recesses from 
smooth surfaces in the surfaces of the tip end such that the 
protuberances and recesses are adjacent to each other; 

plating the roughened component. 

19, The test method involving use of the test socket as 
defined in claim 10, comprising the steps of: 

bringing an external connection terminal of a member to 
be tested into contact with a tip end of the contact of said 
test socket; 

sending, to said member, an electric signal transmitted 
from a terminal connected to a circuit board; and 

testing the operation of the member through use of the 
electric signal returned from the test member. 
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20. The member tested by the test method which involves use 
of said test socket as defined in claim 19. 
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Two resilient sections are connected to a tip end which 
is to be brought into contact with an external connection 
terminal of a contact belonging to a test socket of an electronic 
device or semiconductor package. The resilient sections 
provided opposite to each other and are bent so as to extend 
horizontally with respect to the tip end. The force exerted 
downward on the tip end is equally distributed between the 
plurality of resilient sections. The resilient sections are 
eventually deflected downwardly without involvement of 
horizontal sliding action. The force which is exerted on the 
tip end in reaction to the downward deflection of the curved 
portions brings the tip end into pressing contact with the 
external connection terminal without involvement of horizontal 
sliding action of the tip end with respect to the external 
connection terminal . 
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I hereby claim foreign priority benefits under Title 35, United States Code Sec. 119 and/or Sec. 365 of any foreign 
applications) for patent or inventor's certificate as indicated below and have also identified below any foreign 
application for patent or inventor's certificate on this invention having a filing date before that of the application(s) on 
which priority is claimed: 
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COUNTRY/INTERNATIONAL 


APPLICATION NUMBER 


DATE OF FILING 

(day, month, year) 


PRIORITY 
CLAIMED 


Japan 


Hei 11-211993 


27 Jul 99 


YESX NO 


Japan 


Hei 11-223345 


06 Aug 99 


YESX NO 



I hereby appoint the following attorneys and agent(s) to prosecute said application and to transact all business in the Patent 
and Trademark Office connected therewith and to file, prosecute and to transact all business in connection with 
international applications directed to said invention: 



William L. Mathis 


17,337 


R. Danny Huntington 


27,903 


Gerald F. Swiss 


30,113 


Robert S. Swecker 


19,885 


Eric H. Weisblatt 


30,505 


Charles F. Wieland III 


33,096 


Platon N. Mandros 


22,124 


James W. Peterson 


26,057 


Bruce T. Wieder 


33,815 


Benton S. Duffett, Jr. 


22,030 


Teresa Stanek Rea 


30,427 


Todd R. Walters 


34,040 


Norman H. Stepno 


22,716 


Robert E. Krebs 


25,885 


Ronni S. Jillions 


31,979 


Ronald L. Grudziecki 


24,970 


William C. Rowland 


30,888 


Harold R. Brown III 


36,341 


Frederick G. Michaud, Jr. 


26,003 


T. Gene Dillahunty 


25,423 


Allen R. Baum 


36,086 


Alan E. Kopecki 


25,813 


Patrick C. Keane 


32,858 


Steven M. du Bois 


35,023 


Regis E. Slutter 


26,999 


Bruce J. Boggs, Jr. 


32,344 


Brian P. O'Shaughnessy 


32,747 


Samuel C. Miller, III 


27,360 


William H. Benz 


25,952 


Kenneth B. Leffler 


36,075 


Robert G. Mukai 


28,531 


Peter K. Skiff 


31,917 


Fred W. Hathaway 


32,236 


George A. Hovanec, Jr. 


28,223 


Richard J. McGrath 


29,195 
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James A. LaBarre 


28,632 


Matthew L. Schneider 


32,814 




E. Joseph Gess 


28,510 


Michael G. Savage 


32,596 





and: 



Address all correspondence to: 

I'll! II illillll! I'll 

21839 

Address all telephone calls to: Platon N. Mandros at (703) 836-6620. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false state- 
ments and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 



FULL NAME OF SOLE OR FIRST INVENTOR 
Yasushi TOKUMO 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 
Japan 


POST OFFICE ADDRESS 

c/o Mitsubishi Denki Kabushiki Kaisha, 2-3, Marunouchi 2-chome, Chivoda-ku. Tokvo 100-8310, Japan 


FULL NAME OF SECOND JOINT INVENTOR, IF ANY 
Shiaeki MARKAWA 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 
Japan 


POST OFFICE ADDRESS 

c/o Mitsubishi Denki Kabushiki Kaisha, 2-3, Marunouchi 2-chome, Chivoda-ku, Tokvo 100-8310, Japan 



Platon N. Mandros 

Burns, Doane, Swecker & Mathis, L.L.P. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 
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FULL NAME OF THIRD JOINT INVENTOR, IF ANY 
Ynshihirn KASHIRA 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 
Japan 


POST OFFICE ADDRESS 

cla Mitsubishi Denki Kabushiki Kaisha. 2-3. Marunouchi 2-chome, Chivoda-ku, Tokyo 100-8310, Japan 


FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 
Shieeru TAKADA 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 
Japan 


POST OFFICE ADDRESS 

c/o Mitsubishi Denki Kabushiki Kaisha, 2-3, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100-8310, Japan 


FULL NAME OF FIFTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF SIXTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF SEVENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF EIGHTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF NINTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 




FULL NAME OF TENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
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